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ABSTRACT 


Fractional precipitation was used in a study of the 
constituents of gluten, of bisulfite-treated gluten, and 
of sulfite-treated gluten, dispersed in sodium salicylate. 

The results obtained with fractional precipitation 
indicate that the disulfide bonds of the gluten molecules 
were ruptured on prolonged treatment with sulfite, but only 
slightly, if at all, with bisulfite. Bisulfite treatment 
apparently resulted only in disaggregation of gluten 
proteins. 

The amino acid content of each fraction was determined. 
The results indicate that fractions differ progressively in 
the distribution of amino acids regardless of the treatment 
to which gluten was subjected. Comparisons of the corres- 
ponding fractions confirm the idea that intermolecular 
disulfide bonding is responsible for the high molecular 
weight of glutenin, but no evidence was obtained to support 
the idea that glutenin is built up from gliadin residues. 

The effects of papain and pepsin on whole gluten and 
on the fractions were also studied. The results indicate 
that gluten was digested extensively by pepsin or papain, 
but these two enzymes act differently. Precipitates formed 


in the digests of all fractions of untreated gluten but in 
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only the more insoluble fractions of gluten treated with 
bisulfite. The amino acid distribution of the precipitates 
was quite different from that in the original fractions, 
but also differed progressively in successive fractions. 
Studies of the peptides in the enzymic digests of the 
fractions indicate that there was essential similarity in 
the chromatographic patterns of papain digests of all the 
more soluble fractions, but there were differences in the 


more 
patterns for the/insoluble fractions. 


~ hae 


pa ee 3. 
egoisoex? | 
> sana | 


ent Els $0 esaspib misqsg 


add nt esomeretiib sxsw Site 


ACKNOWLEDGEMENTS 


I wish to express my sincere appreciation to Dr. McCalla 
for his guidance throughout the course of my research program, 
and during the preparation of this manuscript. Also, I wish 
to thank Dr. S. Zalik and Dr. L. B. Smillie for offering many 
helpful suggestions. Special thanks are extended to Mr. M. 


Batory for carrying out much of the amino acid analysis. 


Financial assistance was provided during the course of 
this investigation, through a grant from the National Research 


Council of Canada. 


= LisdoM Poa: 
mst paxd doxseeet ym to. e21veD. sat du 


detw TL ,oaka . 3qxcapesnt v8 Ng 
vane pnk=3hAa 102 - eLlLime of ‘cal, | a 
.M .xM oF S8bnedxe exs sani 


.efeyisas Bios onints odd 


dowseeeA {snoitsu gat mox3 jase 8 devords ‘ : Od 


TABLE OF CONTENTS 


Page 
te ROUT LON a5 oi bus 6 0 07d She's «6 DR isi se: a W o iedn tele: acess ar ee ee 1 
LITERATURE REVIEW 
eee Rete Spe OL ML Clits oo am te ee is i wo os we oh oh sh ce neg ia. 0 
The amino acid composition of gluten and its 
COMPONENTES. G NYGEGLUALS .af GLUubein Lact ME ou wes Owibe 10 
The effect of reducing agents on gluten proteins........ 12 


The effect of proteolytic enzymes on gluten proteins.... 14 


MATERIALS AND METHODS 


Preparation of gluten and gluten dispersions........... 19 
PLectLoneacion Of GLepersed GLUTEN... sa cece ew ibe acces 20 
POLGtMANAtTLOM, OF: BMINO ACLAS . 2 bic sce cs bees 6 ec ee cc ewe wis sos 22 
EnZymic digestion of gluten....csssconse Rep ee a3 


Determination of non-protein nitrogen, terminal amino 


group nitrogen, and free amino acid nitrogen......... 24 
Ion exchange chromatography of digests........2eeeeeees 24 
Determination of ribonucleic acid... cieesisvcivecccecs 27 


RESULTS 
Fractionation of dispersed gluten from 10% sodium 
salicylate solution with or without added bisulfite 
ET CCU arels wsley 6 «90 20 0’ Sy oie WMS ENCGTeIRI AIR cm Glace wa 6 8 si 6.8 / 
Fractionation of dispersed gluten..... aise.) e 4 wae Ack eee 


Analysis of the fractionsS...... cece e sere eecreeeceees a3 


Cwereewrene ene npeees 
ee ee ee ee ee 


wearer ertrwnevaee 


ee akg 
4 ‘ eae 
7 j ety © 
5° dy 
+ - ee 
A: - 
we 
a 
= 4 
bh 
i * 
ry 
a F 
eo eo 
, ‘a 


>i 


er ee ee ee 


vad Bas netule to. 


—_ 


cette tee ate neat et ene e eae ene atin 


es ieeereeees 


s } 
dat al al ine ; f se 
+e ee -eniatorg retuLp 0 Ba t ‘ , iy 
¥. > \ ' 7 hee 


. -eniestotg asduip co aomysag Anon to : 


Zeto: TSM “G 


ry we bs 
“a f 


oe He Aaalieth to f 
re ae onime-to 


Can Cee to wikia 


onims Isninsrres ,aspoutin mipsorg-noa 20. 2. 
ye 
get. eee -MOPouwin bios ocr: eex2 bas nsjlaialcieik 


ih \ 


tens te sree ese BI BORER ad ysiqexposemorxsto alas: 
et art 
soreseeststeerssse cabin pisloumodis te nok 


TABLE OF CONTENTS (Cont'd.) 


Page 
Fractionation of dispersed gluten from aluminum 
LACCHGCE  SOLUCLOM. se ctee < Sra seeetet es Digreee tee sta a Stee Seeeae at ete Sa ae 44 
Effect of proteolytic enzymes on gluten and its 
ELACCLOMNS st eee es oe Tee ee RGEC Eet a cc Wstater eters aie es So Wess oa) e ate ate Teams 46 
Enzymatic hydrolysis of dispersed gluten............... 46 
RMZVEACLoC HyYaLOL vars OL OMULeN LLaACtLOns. cose sss SIs ape. 
Polypeptide analysis of enzymic digests of 
PEEL AC CRIM ates ss so eta aac Se eTEne iS ss es ees we cee ola eee © 6 5 6 63 
oti a ON aia as 9.0 0s 00/0 014s 6.0 8 ® eb 's a aielava se alate a aa a BE SR my Se ee 70 


REFERENCES ..ccccccsnccessccces 4 0.0\ 6.6 gue Sigiste Ais Sue 6 4'0's w 2 oi s'ld «0/8 % 8.8 81 


: ¥ ; tl . ty ¥ 7 ¢ y ha, : j Ye: : 
eee eee ewe eH mew anne ee ere e twa e see seer werar oe 

. _ : ; S 
j ‘ 


ati bas netilp no eenysas >itylos 


e bing 
: P a > 
POPC COR ET er ee ee CRE 2 


bo ceecseess sss setup besrsqsid 26 


ir *-*f eerene “eee -enoitosxr2 scotulp Bs 


20 atespib cimysas 3 


tie 


‘ ba a 
1 Y 1 ~ 
ay p YA bela | 
ale lind a/e lan otk) eleta'w ile Woe 4,040 Sens eee SNOLIOBILT 
, wi a 7ST - 
b ‘ Aa”, ‘ ; L< 
ar er 
I A Te 
rs, ; $ ; 
a 1) oe Te a y © 
- Pr iy a, 
2 ee ee ee Perens ee eee 
¢ , i oY "~ 
i an 


A nay) 
’ iT = eT 


(2 


; 
‘ cad 
BS) 
aah at 
* Pa eS ee ti . 


TABLE 


hat E 


IV 


Vi 


VII 


VIII 


IX 


LIST OF TABLES 


Page 
Composition of buffers used for peptide analysis..... i 
Buffer composition of autograd chambers.............. 26 
The amino acid composition of gluten and its 
fractions obtained from gluten dispersed in 10% 
sodium salicylate without added bisulfite............ 35 


The amino acid composition of gluten dispersed in 

10% sodium salicylate solution with added bisulfite, 
and of its fractions obtained by the addition of 
magnesium sulfate...........62-. Pal WS RE OS 0 0 0.6'n 6 0 8 ae 38 
The amino acid composition of the fractions 

obtained from gluten dispersed in 10% sodium 

salicylate solution after prolonged treatment 

with Sr Ute orteteii ace 4 ¢ Pe ie cS aN tog ee Eee Ce ae 42 
The amino acid composition of the fractions obtained 
from aluminum lactate solution by varying the pH.... 45 
Digestion of dispersed gluten with pepsin, 

DOVE Ny GNOV CRY DSI Nig cicik obi e aie 3,0 ole ela eue Ek. Se Oo Ee 48 
Free amino acids liberated from Fraction D 
P¥SCNERBCELON CEIPSPSIN. 6c kaos cares wee ee ees nieas cieewe 53 
The amino acid composition of the precipitates 


Deamon nets ane ie FO WT Les sm pace e Ale eekls wR balk 40 0 00 8 wee ~ | 


i fea 

4 

: ped 
és 

| as 
oat 
BE 

S$ 


a ae 
Jn 
| ve 


“7s ~atey leas ; 
ee ».exedmeco beipotus to nol a ; | 
att oan netuly 20 HOLSLBOGMOD | , bi 6 


fa 
< 


@0{ mt beaxeqe ib etude moxd Bootsado-s | 
peveveesss eSdi3hvetd bobbs suodttin etn. 


at beerogatb aetuLe to Pais se 1S 


Bek 


,ottitivetd bebbs ‘dtiw aotauloe) tack (S 


to noisibbs ait yd betissdo: -enoisn; b: 
yo is = 7 


eee 


enoisos1i st to nokt tzoqmoo bios ‘ana oat 
ao 
mstboe #01 ni besxsqetb nosey tant Denkasdo ¥ 


= 


ad 7% 
jnemstss1ts bepnoloxg sods + he ie ma 


se 


a 


i] 


C016 Oe oem Oye eo Se see + so Fares BEE w Fs 9 n vom 


1 re 


tieged itiw nsdute beexsaaib 393 


ni 
a. é 


pe ee ‘ak 
‘al noidosxs mort tk johl ae a onl 


wa. 


a 
ese eee eee eK ee eer ensane 6 mee Sib 
J * : 


TABLE 


XI 


XII 


XIII 


XIV 


LIST OF TABLES (Cont'd.) 


Page 


The amino acid composition of the precipitates 

frome rrectrOons Lip, LLL Be -A, By Tana Cle. cece cde etewe 58 
Amino acid content of total protein in fractions 
Snaworecrercorresponaing precspLtaces 22st ok 61 
The nucleic acid content of the precipitates 

obtained from peptic digests of Fractions A, B, 

BNO Ces arw wie 47S aw Hie Kwa eke bi eel Fi t@essors sie Le 
The peaks in Figure 9 identified to be free 

tee Le CMG cael ci a's 4 -egts Vig AMatehaee ap lal (alesecaveo® sig th piese aitinte 68 


Recent amino acid analyses of gluten components..... 74 


* 


eal) 


te a yA amu 
Re er aeon istos siteenllie 
abies: atid 20. sade. bio 
&,A eanolsos1l to, steagith ot2008 


eta ion 


aei% ad of beltismebi @ sxupit, 


tae een dab esa cae ews on Pb eenailaiens a9 way ' 


> - SOARED aetulp 20. sprees bios: 


LIST OF FIGURES © 


Precipitation of dispersed gluten with MgSO 


Amino acid content of gluten fractions 
obtained from gluten dispersed in 10% sodium 


salacvaate, without, added bisulfite... se rccseseceweee 


Amino acid content of gluten fractions obtained 
from gluten dispersed in 10% sodium salicylate 


after prolonged treatment with bisulfite.......... 


Amino acid content of gluten fractions obtained 
from gluten dispersed in 10% sodium salicylate 


after prolonged treatment with sulfite...........-. 


Non-protein nitrogen increase in gluten 


reer aVinte eA NVOrOLY SUG « . «'s.s's-alews sie <6 sb sth.6 9 ede s 


Terminal amino nitrogen appearing during 


Biay iat GC AVORA LVS 1:6 oo. asa sis eet cute ests os es eee eo 


The chromatographic patterns obtained for 
enzymic digests of gluten fractions using 
ANLMER=SOWHmRDCROT. 28. FRRPOOHIOAR. FOL. Les. Yory. nig 
The chromatographic patterns obtained for 
enzymic digests of gluten fractions using 
Beckman type AA-15......ceeeee sCRECk. hmewe. rsudae 
The chromatographic patterns obtained for 


peptic digest of Fraction D..... eee eee eee ee eenees 


Mig # | Soe °Sy ae wef <P e 
fe - y 
ri ¢ 
b 5 
ve P ' . 
or" ‘ 
mo? 
an” 
+, ra, a 
Seas 
; ety 
4 epsd | me 


eee Ss poseut di nvaute peaueqaié 20 a 


200.3062 aetulp to 3 th J 


myifoe ¢0f ak beeregatb natute boot 


af + sad eaareey cog sQUenhueld bon eas a 


benissdo eto ito sna cosnlp Xo. 


ssseiyoiise muibes BOL out beoresei® no 
ea 


ee eevee bt oe Ott tiveid ditt tay sapere D4 C 101 ie sai ne 


pee ; 
ben isstdo pnotsoext eos & ts “da@snoo - lle gai . 


nf, : P =, : A bi 


éb 5 gS SI shai 


AF netulp st 
eb Dae ee ee eee ee ee ee) | 
paixub ecireeaae piece ofksan 
02 e+vreseeceeneans ees Bai A poeatens 
. 3 , ‘F k 
10% denies ® 
; poiay anoisoea? tedbly to e 


i % eae 
' 1 €8 RRND Rees 


202 | bantstdo an 
ee Se ee 
Lite ee , = 5 ‘ ag ae 


INTRODUCTION 


Wheat gluten is exceedingly complex in constitution. 
The earliest workers accepted Osborne's suggestion that gluten 
consisted of two proteins, gliadin and glutenin. For the last 
three decades, some investigators have believed that gluten 
consisted of a series of proteins differing progressively in 
solubility and other properties, while others favored the view 
that gluten consisted of a limited number of components which 
interacted in some manner to form a complex whose parts differed 
slightly but progressively in properties. 

With the recent development of new research methods and 
instruments, the constitution of gluten has begun to be better 
understood. Progress in various fields has been successively 
reported, and most of the results have been based on the 
properties of gluten in agueous acid media. Electrophoretic 
techniques and ion exéhange chromatography applied to the study 
of acid dispersions of gluten have clearly demonstrated the 
heterogeneity and molecular discreteness of gluten components, 
particularly those making up classical gliadin. Moreover, the 
concepts that glutenin is built up from gliadin residues and 
that intermolecular bonding is responsible for its very high 
molecular weight resulted from studies of gluten dispersed in 
acid media. 

Consequently, it seemed desirable to check these results 
with gluten dispersed in a neutral solvent, in which gluten is 
more stable and in which less interaction of the proteins 


appears to occur. The present study was undertaken to obtain 
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such information by: (a) an examination of the amino acid 
composition of the fractions obtained from gluten dispersed 

in sodium salicylate, (b) a study of the changes in the 
behavior of the dispersion when reducing agents are added, 

and (c) a study of the response of gluten and its fractions to 
enzymic action. For comparative purposes, some experimental 
work was carried out on gluten dispersed in aluminum lactate, 
the acid medium most commonly used by other workers in recent 


studies. 


bios oni of 4 : sia 
aaa] 


beeteqeib not i 
ods “ae estas site | | 

bebbs O16 ase aes ainda nokexsq 

os enol segs adi bits asaute to samoqesz «¢ ‘J > | 
Ladnomixeqxs emoz ‘saseoat0a Breas 
sistosal msn bm ls ni feexqutd aatuip mo 390 sae: | 
snssex at exoatow isrite yd boay | me abacus . a 


¥i 


LITERATURE REVIEW 


The constituents of gluten. 


Extensive and systematic studies on wheat protein and 
its fractions were begun by Osborne and his associates in the 
early 1900's. The results of these comprehensive studies were 
summarized in his monograph "The Proteins of the Wheat Kernel" 
(1) published in 1907. His essential conclusions were: (a) 
that the proteins of flour can be separated into five fractions 
based on solubility; gliadin, soluble in 60-70% alcohol, glutenin, 
soluble in dilute acid and dilute alkali, a neutral salt-soluble 
edestin (globulin), a water-soluble leucosin (albumin), and an 

gluten 
ill-defined proteose; and (b) that the actual/protein is an 
intimate mixture of two well-defined proteins, gliadin and 
glutenin, present in nearly equal amounts. 

Subsequent studies (2-4) attempted to measure the content 
of glutenin in gluten based upon its extraction with dilute 
alkali, following the preliminary removal of the non-gluten 
proteins and gliadin by salt solution and 70% alcohol, respec- 
tively. Results obtained showed wide inconsistencies. 

Csonka and Jones (5) reported obtaining two components 
from the glutenin fraction by salting out the glutenin from 
alkaline extracts with ammonium sulfate rather than precipi- 
tating by neutralization of the alkali. They designated 
these as alpha and beta glutalins. 

Blish and Sandstedt (6) reported that the composition of 
the glutenin fraction varied in accordance with the concen- 


tration of alkali used for dispersion, and also showed that 
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glutenin, precipitated from dilute acetic acid dispersion by 
the addition of alcohol, was different in chemical composition 
from that prepared using alkali. 

Haugaard and Johnson (7) studied the gliadin fraction, 
and reported that gliadin can be fractionated from 60% alcohol 
dispersion by varying the temperature. Three fractions were 
obtained at the temperatures of O°C and -11°C, and these 
fractions showed significant differences in viscosity and 
optical rotation, but no appreciable differences in amino acid 
composition. They concluded that gliadin is inhomogeneous. 

Cook and Alsberg (8) found that gluten can be dispersed in 
30% urea and the glutenin fraction is precipitated by adding 
salt or by dilution. Cook (9) studied the fractionation of 
gluten dispersions by fractional precipitation at salt concen- 
trations varying from 0.1 to 0.5 saturation of magnesium sulfate. 
Six fractions varying continuously in their gliadin and 
glutenin content were obtained. It was suggested that there 
is no sharp dividing point between gliadin and glutenin 
fractions. Later, Sandstedt and Blish (10) fractionated gluten 
from dilute acetic acid dispersion by the addition of salt, 
with or without the addition of alcohol, or by neutralization 
of the acid. Fractions of varying composition were obtained, 
and according to these authors, sharp and definite boundaries 
of fractions were hard to get and certain trends of properties 
and behavior indicated that these fractions may be conveniently 
Classified into three main groups, namely the glutenin group, 
the gliadin group, and an intermediate group, which they 


termed "mesonin" since it had intermediate properties. 
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McCalla and Rose (11), using 10% sodium salicylate 
solution as the dispersing agent, carried out a fractional 
precipitation of gluten by successive addition of magnesium 
sulfate. When the amount of gluten precipitated was plotted 
against the concentration of magnesium sulfate, a smooth curve 
was obtained, suggesting that gluten did not consist of distinct 
fractions such as gliadin, glutenin, and mesonin. Moreover, 
when the fractions were analyzed for amide-N and arginine-N 
content, they showed progressive and systematic variations in 
chemical composition. It was concluded that gluten, except for 
the most soluble fraction, is a simple protein complex which 
can be separated into a great many fractions differing systema- 
tically in both physical and chemical properties. This conclu- 
sion was further supported by the work of Spencer and McCalla 
(12) in which fractional solubility of gluten in sodium 
salicylate was employed. Further confirmation was obtained by 
McCalla and Gralén (13) on the investigation of molecular 
characterization of gluten and its fractions, using sedimen- 
tation and diffusion methods. It was shown that only part of 
the gluten in salicylate solution existed in molecularly dis- 
persed form, and the remainder was present in various stages 
of aggregation. 

Harris and his associates (14-18) have studied a number 
of gluten fractions and their relationship to baking strength. 
Various fractionation techniques such as thermal fractionation 
(14), fractional precipitation (15) according to the method of 


McCalla and Rose (11), and fractional precipitation by varyiry pH (17) lave 
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been employed. None of these studies have given any results 
explaining the fundamental characteristics of the fractions. 
Stauffer, Banasik, and Harris (18) have reported the results 
of the amino acid distribution in the fractions obtained by 

adjusting the pH levels of lactic acid dispersion of gluten. 
Significant variations in the content of certain amino acids 
were found, but no conclusions were drawn from the results. 

The study of proteins from wheat, barley, rye, and oats by 
Cunningham, Geddes, and Anderson (19) included the fractionation 
of gluten proteins, in which formic acid extracts of the flour 
were fractionally precipitated by the addition of a variety of 
salts of different pH levels. Their studies indicated that 
salt-protein complexes may be partially responsible for the 
known insolubility of the proteins and that the sigmoidal shape 
of the precipitation curves suggested that the constitution of 
gluten appears to be a complex of closely related proteins rather 
than a mixture of homogeneous fractions. 

The use of electrophoretic techniques for the study of 
gluten as reported by Mills (20), indicated that four asymmetric 
peaks were obtained from gliadin in acetic-hydrochloric acid 
buffer. A more successful study was carried out by Jones, 
Taylor, and Senti (21) who obtained excellent symmetry of elec- 
trophoretic patterns for gluten by using aluminum lactate- 
lactic acid buffer. It was reported that gluten is composed 
of at least four major components and one minor component. A 
partial separation of the electrophoretic components was 
obtained by fractional precipitation of aluminum lactacte 


dispersions of gluten by progressively increasing the pH to 
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5.1, 5.2, 5.3, 5.4, and then by increasing ionic strength to 
0.99. 

The use of chromatographic techniques for the fractionation 
of gluten was described by Woychik, Dimler, and Senti (22), 
using a carboxymethylcellulose column and stepwise decreases in 
the pH of the eluting buffer from 3.4 to 1.5. Four fractions 
were obtained from aluminum lactate dispersions of gluten, and 
each fraction was further examined by electrophoresis. It was 
found that the fractions corresponded to the components obtained 
by Jones et al. (21). Using the same techniques, Simmons and 
Winzor (23), obtained eleven fractions from acetic acid disper- 
Sions of gluten with stepwise increases in the ionic strength to 
0.2 M sodium chloride. Rechromatography of four of the fractions 
verified that these were definite chromatographic entities. 

In recent years, gel-electophoretic techniques have been 
widely used in the study of gluten fractions. Woychik, Boundy, 
and Dimler (24) found nine components in aluminum lactate disper- 
sion of gluten, using aluminum lactate buffer containing 3.0 M 
urea on starch gel. Gliadin showed eight components, and four 
had not been detected previously by the Tiselius method. (21). 
The remaining high molecular weight component, glutenin, did 
not migrate in starch gel. Using the same technique, Coulson 
and Sim (25) found more than twenty components in acetic acid 
dispersion of gluten, and Elton and Ewart (26-28) detected 
eight components in acetic acid dispersions of gluten (26), 
and nineteen bands in the aluminum lactate dispersions of wet 
gluten obtained by hand-kneading flour in distilled water (27). 


Four of the major gliadin fractions have been recovered from 
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starch gel and have been found to give single bands when rerun 
(28). It was suggested that they are probably not formed by 
association reactions. Graham (29) studied the protein compon- 
ents.inthe extracts of wheat flour obtained with different 
solvents, and reported that similar components can be obtained 
but there were marked differences in the proportions of these 
components. Further studies on the fractions obtained by ion- 
exchange chromatography indicated that similar electrophoretic 
components are present in several of the fractions. A more 
complete study of fractionation of wheat flour on starch gel was 
reported by Kaminski (30). It was shown that twenty-one 
components were detected in aluminum lactate dispersions of 
gluten but only twelve were obtained after the previous removal 
of water-soluble and salt-soluble fractions of flour. Lee (3l, 
32) studied the acetic acid dispersions of gluten on polyacryl- 
amide-gel and reported that fractions obtained according to the 
procedure of Simmons and Winzor (23) can be resolved into many 
bands. The detailed study of these fractions was reported 
recently by Lee et al. (33). Seven fractions obtained by 
chromatography on carboxymethylcellulose were studied by sedimen- 
tation, gel-electrophoresis, chemical and N-terminal amino acid 
analysis. Sedimentation experiments indicated that four of 
these fractions were undergoing rapid, reversible association. 
N-terminal analysis and gel-electrophoresis showed that each 
fraction was grossly heterogeneous. More recently, Gehrke et al. 
(34), using starch gel-urea electrophoretic technique to study 
the fractions obtained by chromatography, reported that gluten 


can be reasonably classified into six main classes, and, using 
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their experimental procedures, fairly pure fractions of these 
protein classes can be obtained by a single pass on a carboxy- 
methylcellulose column. 

Fractionation of acid-soluble proteins of gluten by partial 
solubility in methanol-chloroform mixture, and dilute formic 
aicd was reported by Meredith et al. (35). Five fractions varying 
in physical properties and amino acid composition were obtained. 
However, none of these fractions were eleotrophoretically homo- 
geneous. Later, Meredith (36) attempted fractionations with 
three different solvent-precipitant systems; aqueous-salt solutions, 
dilute aqueous ammonia solutions, and methanol-chloroform solution. 
The first two solutions separated the gliadin from the non- 
gliadin proteins, and the third fractionated the gliadin into two 
components (beta and gamma) by fractional precipitation with 
increasing concentrations of methanol. 

Recently, gel-filtration chromatography has been success- 
fully employed to fractionate proteins accoring to differences in 
molecular weight. Jones et al. (37) first applied this technique 
to separate wheat gluten protein on Sephadex G-75 columns. It 
was reported that sharp separations into gliadin and glutenin 
fractions as distinguished by gel electrphoresis were not 
achieved but that, ninety six percent electrophoretically pure 
glutenin, which is less soluble than that prepared by precipi- 
tation, can be obtained. Wright et al.(38) chromatographed 
wheat flour extracts on Sephadex G-100. They found that some 
of the gliadin proteins were not retarded on the columns, 
suggesting that species intermediate between gliadin and 


glutenin may exist. Further study was made by Beckwith et al. 
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(39) using the same techniques. They isolated and charaoter- 
ized a high molecular weight protein from the gliadin fraction. 
This protein resembled low molecular weight glutenin in its 
amino acid content, solubility characteristics, and mobility in 


moving-boundary and starch-gel electrophoresis. 


The amino acid composition Or gluten and its components. 


The amino acid composition of gluten has been studied 
extensively since Osborne's time, owing both to the nutritional 
importance of specific acids and to the interest in characterizing 
the component proteins as related to the unique physicochemical 
properties of gluten. 

The early studies on the amino acid composition of gluten 
reported results for only a limited number of amino acids. The 
difficulty lay not only in the complicated analytical methods, 
but also in the problems of hydrolysis of proteins contaminated 
with carbohydrate. The limitation as to types of samples studied, 
and amino acids determined, and the large variation in values 
reported, are evident in the results published from different 
laboratories. The first attempt to study the amino acid 
composition of the gliadin fraction was made by Abderhalden and 
Samuely (40) in 1905. Their results are comparable to Osborne's 
except for proline and glutamic acid. Osborne reported the 
amino acid composition of the various fractions of wheat in his 
monograph (1). Some of the results are quite close to the 
values determined by the more reliable column chromatography 
technique. Damodaran (41) and Stockelback and Bailey (42), both 
using Brazier's method (43) reported the amino acid composition 


of glutenin and gluten. The results of Damodaran are not very 
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different from those of Osborne. The results of Stockelback 
and Bailey, however, are quite different. Analytical methods 
gradually improved, and the results reported by Padoa (44) 
were closer to currently accepted values. 

It was not until 1950 that the first complete amino acid 
analysis was made possible by the use of microbiological 
techniques. Using these techniques, Rice and Ramstad (45) 
determined the amino acid composition of wheat gluten. Only 
serine was undetermined. Following this, Pence et al. (46) 
reported the first complete amino acid analysis of wheat gluten. 
All amino acids except cystine and tryptophan were determined 
microbiologically. The results obtained in these two studies 
agree better with accepted values than did the earlier results. 

The greatest advance in the quantitative determination of 
amino acids has been the application of chromatographic 
techniques. The reliability of these techniques has been 
clearly established (47). They not only provide the means for 
analyzing larger numbers of samples, but also require only small 
amounts of material. The first report on the amino acid 
composition of wheat gluten using this technique was made by 
Miller et al. (48) who used a starch column. Waldschmidt- 
leitz and Mindemann (49) also determined the amino acids of the 
glutelin fraction from barley, wheat, and rye using a starch 
column. Paper chromatography was used by Reznichenko et al. 
(50) in determining the amino acids of wheat and rye gliadins. 
After the automatic analysis of amino acids on ion-exchange 
columns was introduced by Stein and Moore (51), results for the 


amino acid composition of gluten and its fractions have been 
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frequently published. Woychik et al. (52) reported the amino 
acid composition of gluten and the various fractions obtained 
by electrophoretic separations. Meredith et al. (35) deter- 
mined the amino acid composition of gluten fractions obtained 
by extracting with a methanol-chloroform mixture. Beckwith 
et al. (39) reported the amino acid composition of the higher 
and lower molecular weight protein fractions from gliadin. 
Some of these results will be referred to in the discussion 


section of this thesis. 


The effect of reducing agents on gluten proteins. 


A great deal of attention has been focussed on the dramatic 
effects of small amounts of oxidizing and reducing agents on 
bread doughs. Evidence showing that the reagents act directly 
upon the proteins was presented by many investigators (53-55) 
in the 1940's. 

Extensive studies of the effect of reducing agents on 
gluten were made by Hlynka (56) and by Pence and Olcott (57). 
Hlynka added bisulfite, acetaldehyde, and similar reagents to 
t he dough and then washed out the gluten. The results showed 
that the damage from bisulfite action to gluten can be reversed 
with acetaldehyde, and that only a restricted group of reducing 
agents has a bisulfite-like effect on dough. It was concluded 
that the changes in the gluten properties were probably due to 
the rupture of disulfide bonds or possibly the cross-linkages 
formed by carbonyl compounds. Hlynka (56) also pointed out 
that the reversibility of the effect by a simultaneous or 


later addition of acetaldehyde indicated a direct action on 
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the gluten and this was probably due to a specific reaction 


with disulfide groups, 


RSSR + NaHSO,. —— RSH + RSSO.Na, 
SERS 


3 3 
rather than to mere reduction. Pence and Olcott have noted 
that the addition of monothioglycol to gluten dispersed in 
pion acetic acid caused reduction in viscosity and decrease 
in cystine content, suggesting that the protein molecules are 
fragmented by the reducing agent. 

Udy (58) studied the viscosity of wheat gluten dispersed 
in acetic acid and in 8% sodium salicylate before and after the 
addition of bisulfite and thioglycolic acid. It was reported 
that there are two major effects taking place when small 
quantities of either bisulfite or thioglycolic acid are added. 
The first is fairly complete repressim of electrostatic effects 
and the second a complete reduction of all disulfide linkages. 
Molecular weight studies on glutenin before and after 
reduction with sulfite or cleavage by performic acid oxidation 
were reported by Nielsen et al. (59). It was shown that the 
reduction products give an ultracentrifugally homogeneous 
species with a molecular weight of 20,000. They concluded 
that glutenin contains basic polypeptide units with molecular 
weight of 20,000, and that various numbers of these units are 
linked via disulfide bonds to form the native proteins. 
Reduced gliadin and glutenin were also studied by 
Woychik et al. (60) using starch-gel electrophoresis. They 
reported that mercaptoethanol-reduced glutenin showed at 


least 10 major and 10 minor disulfide-linked compounds, whereas 
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reduced gliadin indicated. no increase in number of major 
components. Some of the reduqtion components are common to 
both proteins. It was therefore suggested that extensive 
intermolecular disulfide bonding is responsible for the high 
molecular weight of glutenin and intermolecular disulfide 
bonding is present to only a limited extent in gliadin. 
effect of 
Beckwith et al. (61), studying the Gisulfide bonds on 
molecular interactions of wheat gluten, reported that in 
urea. solution below 5 M concentration only two-thirds of the 
disulfide bonds in gliadin are measured. Hydrogen bonding 
probably stabilizes the protein structure about the remaining 
disulfide bonds. They also indicated that thioethanol- 
reduced gliadin readily precipitates from urea solution at 
a lower salt concentration than gliadin, and reduced glutenin 
precipitates from urea solution at higher salt concentration 
than does native glutenin or either reduced or native gliadin. 
Recently, Elton and Ewart (62) claim to have confirmed 
the hypothesis of Woychik et al. (60) that glutenin is built 
up chiefly from gliadin proteins by studying performic 
oxidized glutenin and gliadin. They reported that rupture 
of the glutenin caused a number of components to appear, some 
of which have mobility values equal to those of the corres- 
ponding ruptured gliadin. 
The effect of proteolytic enzymes on gluten proteins. 
Early investigations of the proteolytic enzymes on 
wheat gluten are numerous, but are largely concerned with the 
presence of such enzymes in wheat and flour, and their 


relationship to breadmaking and related processes. The 
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early literature on this subject was reviewed by Hildebrand 
(63) in 1946. The general view appeared to be that proteases 
are present in flour'’as well.as in wheat, but the concen- 
tration of enzymes in normal flour is so low as to have 
little effect on gluten properties. The addition of 
excessive amounts of proteolytic enzymes will cause harmful 
effects in fermenting dough. However, the addition of appro- 
priate quantities of the enzymes will improve bucky doughs. 
The action of various proteolytic enzymes on gluten has 
also been studied extensively. Sharp and Elmer (64) found 
an increase in the amounts of protein soluble in 5% potassium 
sulfate, in 70% alcohol, and in the amounts of amino nitrogen 
as a result of autolytic digestion of flour. They concluded 
that gliadin was quite susceptible to the proteolytic enzymes 
of the flour whereas glutenin was not readily attacked. 
Harris (65) added various concentrations of different proteo- 
lytic enzymes to dough balls from which gluten was washed 
immediately and dispersed in 10% sodium salicylate solution. 
He found that, in the majority of instances, the inclusion 
of an enzyme hastened dispersion of the gluten, and this 
effect was found to increase with increasing enzyme concen- 
tration. Harris and Johnson (66) studied the effects of 
pepsin, papain, and potassium bromate upon viscosity and 
other properties of gluten dispersions. It was found that 
papain and pepsin have similar effects upon the rate at 
which gluten dispersed in 10% sodium salicylate and that 
bromate altered this rate. The quantity of protein precipi- 


tated from the gluten dispersion by magnesium sulfate was 
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markedly reduced by papain, but not by pepsin. 

Swanson and Andrews (67) cetermined the amount of gluten 
which could be recovered from the doughs treated with 
various substances and found that the amount of gluten 
recovered from dough treated with papain decreases as the 
amount of papain was increased or the rest period was 
lengthened. This effect was not observed with the use of 
yeast water, cysteine, or glutathione. These results 
indicate that enzymatic disintegration of gluten took place 
in the dough. 

Johnson and Miller and their associates (68-71) carried 
out a series of experiments on the effects of various enzyme 
preparations on doughs and on gluten dispersions. They 
suggestedthat the proteolytic enzymes break the peptide 
linkages and this results in increased extensibility of 
dough. Abbott, Miller, and Johnson (72) using a spectro- 
photometric method determined the extent of proteolysis of 
gluten and hemoglobin by various enzymes. They found that 
fungal and malted wheat flour proteinase attacked both 
hemoglobin and gluten in a similar manner while papain 
differed. Johnson, Miller, Boyer, and Geddes (73) have 
reported the action of proteases on gluten and hemoglobin 
under various conditions. They found that undenatured 
gluten was less readily hydrolyzed than hemoglobin, and that 
denatured gluten was even less susceptible to attack. The 
calculation of Midwmelis-Menten constants and maximum velocity 
values showed that the rate of decomposition: of the enzyme- 


substrate complex (Vm) is greater for hemoglobin than for 
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gluten. The affinity of the enzymes (Km) is greater for 
gluten than for hemoglobin. The apparent activation energies 
calculated for several enzyme systems were similar for 
hydrolysis of gluten, indicating that similar peptide bonds 
were hydrolyzed by the different protease systems acting on 
gluten. They also reported the optimum pH values for various 
enzymes acting on gluten. For malted wheat flour and fungal 
protease, the optimum pH was 3.0-4.0, for trypsin, it was 
7.0-8.0, and for papain, it was near 5.5. 

Strusi (74) studied the tryptic digests of glutens from 
durum and bread wheat. On circular paper chromatography, he 
observed that there were considerable differences in the 
content of free amino acids and peptides in digestion 
mixtures of the two, although the amino acid compositions 
of the two glutens were similar. It was suggested that the 
differences in the glutens may lie in their amino acid 
sequences in the gluten molecules. 

Rohrlich and Schulz (75) studied the peptic digests 
of zwickelprotein, haftprotein, and gliadin of wheat. 
Using ion-exchange chromatography, they found a similar peak 
appeared in each chromatogram. Amino acid analyses indi- 
cated that they were made up of similar amino acids. It 
was therefore concluded that there is a partial similarity 
in structure of these proteins. 

Finlayson (76) studied gliadin hydrolyzed by treatment 
with pepsin and then by trypsin. It was shown that a large 
number of peptides were produced as well as small amounts of 


some amino acids. Five peptides were obtained crystalline 
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and two of these constituted 11.5% and 1.2% of gliadin, 
respectively. Their structures have been partly determined. 
The results indicate that wheat gliadin contains (Asp-Asp) 
bonds and at least 1.9% of the glutamic acid is present as 
glutamylglutamic acid. 

The action of pepsin on glutenin has recently been 
studied by Oka et al. (77). They reported that pepsin 
rapidly decreases the viscosity of a glutenin dispersion and 
rapidly increases the amount of water-soluble fragments. A 
comparison of data obtained by gel filtration and by deter- 
mination of terminal amino acids in pepsin hydrolyzates of 
glutenin indicates that cleavage of a few peptide honds 
rapidly produces these large molecular polypeptides from 
glutenin. Further pepsin action causes a substantial 
increase in small peptide fragments. 

Verma and McCalla (78) studied papain and peptic digests 
of gluten. It was shown that there were qualitative, and 
probably quantitative differences in the action of enzymes. 
Precipitates formed in all digests of sodium salicylate 
dispersions, and the amino acid distribution in these preci- 
pitates was quite different from that of whole gluten. 

More recently, Ewart (79) reported the application of 
fingerprinting to glutenin and gliadin. It was shown that 
there may be a basic similarity in the amino acid sequences 
of considerable portions of the polypeptide chains present 
in glutenin, and gliadin. He supported the idea of Woychik 
et al. (60) that glutenin is synthesised from gliadin 


constituents. 
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19 
MATERIALS AND METHODS 


The flour used as the starting material for the 
preparation of gluten was from Marquis wheat, milled on an 
experimental Btthhler mill, and extracted with ether. The 
protein content of the ether-extracted flour was 16.25% 

(N x 5.7) on the dry basis. 

All chemicals used in this work were reagent grade, 
except that aluminum lactate was prepared according to the 
method described by Jones and Cluskey (80). The enzymes were 
obtained from the following companies: Crystalline pepsin, 
3x, from Calbiochem Company; Crystalline trypsin from C. F. 
Boehringer and Soehne, GmbH Mannheim; and Papain from Difco 
Laboratories. The resin, Aminex 50W-X2, was obtained from 


Calbiochem Company. 


Preparation of gluten and gluten dispersions. 


Gluten was washed from the flour using a gluten- 
washing machine* and 0.1% phosphate buffer of pH 6.8, prepared 
according to the method of Dill and Alsberg (81). 

Gluten from 10 g of flour was dispersed in 50 ml of 
10% sodium salicylate with or without 25 mg of added sodium 
bisulfite, or in 100 ml of 0.02 M aluminum lactate buffer of 
pH 3.10. Dispersion was carried out in a 125 ml glass- 
stoppered flask with occasional stirring. After all gluten 
had dispersed (24 hours), the starch and non-gluten 
materials were removed by centrifugation at 12,000 g for 20 
minutes using an angle centrifuge at 3°C. The supernatant 


was decanted and dialyzed against the appropriate dispersing 


* Theby, Ertel-Werk, Munchen. 
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agent at 3°C for 24 hours. The nitrogen concentration of 
each of the final dispersions was 4.0 mg/ml in 10% sodium 
salicylate solution with or without added bisulfite, and 


2.1 mg/ml in 0.02 M aluminum lactate buffer. 


Fractionation of dispersed gluten. 


Gluten dispersions in 10% sodium salicylate solution, 
with or without added bisulfite or sulfite, were fractionated 
essentially according to the procedure of McCalla and Rose 
(11) by successive addition of calculated amounts of a 
saturated magnesium sulfate solution. The saturated magnesium 
sulfate solution was slowly added from a burette to the 
dispersion which was kept constantly stirred to avoid local 
excesses. After the addition of the salt, the dispersions 
were stored at 3°C overnight. The precipitated proteins were 
then removed by centrifugation at 12,000 g for 20 minutes,the 
Supernatant was decanted, and the proteins were redispersed 
in 10% sodium salicylate solution in the presence of bisulfite. 
The process was repeated with increasing amounts of magnesium 
sulfate being added to the supernatant to obtain additional 
fractions. Seven fractions were obtained from the dispersion 
without added bisulfite, and designated Fractions I, II, III, 
IV, V, VI, and VII, respectively for the proteins precipitated 
at salt concentrations of 0.025, 0.04, 0.06, 0.08, 0.10, 0.20, 
and 0.50 of saturation. Six fractions were obtained from 
the dispersion with added bisulfite, and designated Fractions 
IIB, IIIB, IVB, VB, VIB, and VIIB, respectively for the 


proteins precipitated at the salt concentrations of 0.04, 0.06, 
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0.08, 0.10, 0.20, and 0.50 of saturation. Six fractions 
were obtained from the dispersion with added sulfite, and 
designated Fractions IIS, IIIS, IVS, VS, VIS, and VIIS, 
respectively for the proteins precipitated at the salt 
concentrations of 0.04, 0.06, 0.08, 0.10, 0.20 and 0.50 of 
saturation. Redispersion of precipitated protein was 
accomplished with no difficulty exqept that Fractions I 
and IIB were redispersed by using an Omni mixer, blending at 
a low speed for 5 minutes. 

The fractionation of gluten dispersed in aluminum 
lactate was carried out by the successive additions of 0.5 
N sodium hydroxide solution to the dispersion which was 
stirred constantly. When the desired pH was reached, the 
dispersion was mixed thoroughly and stored overnight at 3°C. 
It was then centrifuged at 12,000 g for 20 minutes. The 
supernatant was decanted, and the precipitate was redispersed 
in 0.02 M aluminum lactate buffer, pH 3.10. Further 
fractions were obtained by repeated addition of 0.5 N 
sodium hydroxide to the supernatant. The final supernatant 
was dialyzed against 0.01 M acetic acid for two days at 3°C. 
It was then freeze-dried, and redispersed in 0.02 M aluminum 
lactate buffer at pH 3.10. Fractions were obtained by 
precipitation at pH values of 4.00, 4.40, 4.80, and from the 
supernatant at pH 4.80, and were designated respectively 


Fractions A, B, C, and D. 


anit alle nie ee 02.0 | 
bos .otitfve bebbs is hbeiaios wae 
.@T1V bas ,2IV) av evr ert ees ll ms 
tisa sdt 36 Matusterdexe enistorg eds 20! Wess 
20 02.0 Bas OS.0 .OL.0 ,80.0 30.0 , 60.0 nes eno. bape: 
2aw atesozg Rabet batoosa to noisseqeiben cS, 1G 
I enorsosit tisAt sgepxs Ys Luord3 tS of asew ve eb. 


36 paiineld ,asxim InmO as pnieu yd beasoqabbor ons ee ie 


-Batunio 2 +S St ge 


. 
‘si 
7 ¥ 
iz 


munimuls at beexeqeibh astutp to noisjsnaot a 
2.0 to enoistbis evieesoouve efd yd suo polxas 9s 


asw doidw aoleregeib eit of moituloe paper at ae 


6 ri 
wen ae 


sit .beronex esw Ag betieeabh eat aeiwW Rice: attise 
.D°f t6 Sdpinzsvo bstote bas wldguerons bexim esi Y 0. seueaatl 
sdf. .@atunim O§ 1t0t p 000, gf 2s bowcaame ca | 
Bsereqetbe: esw etad iqiveng ort bus ,besnsDeb 2aw 2nssenxoqu 
tsdtuvt . .0L.€ Hg .s98tud sistoal ‘oan n $0.0 
“2.0 to noittbbs besssgex va banistdo sey enoiss 
jasteqtequa Isnt? oAT tom tanxews edz ot 2b | , 
-D°€ 35 aysb ows x02 biss ites, Mi io. 0 saunsion 3 
mintmule M-SO.0 at pesreqeibet ba etsbronoen 
yd Beatsido otew cnoitoact gybt- -£ Hg * 
ens mor bas ,08.d Oba Mehag geo sn Ren 


ylovisoeqeet besenpi sab maim 
oes 


22 


Determination of amino acids. 

The chromatographic analysis of amino acids was carried 
out on a Spinco amino acid analyzer, using columns packed 
with Beckman type AA-15 and AA-27 resins and operated at 
the flow rate of 68 ml/hour. Potassium cyanide was used as 
the catalyst at the concentration of 0.00004 N in the eluting 
buffer for the color development of amino acids with nin- 
hydrin reagent, which was pumped at the flow rate of 34 ml/ 
hour, and was prepared by dissolving 80 g ninhydrin in 4 
liters of 4 N sodium propionate buffer pH 5.5 and methyl 
cellosolve 1:3 mixture. 

The samples for chromatographic analysis of amino acids 
were prepared in the following manner: 

An aliquot of the fraction was hydrolyzed by refluxing 
with 30 ml of constant boiling hydrochloric acid for 24 hours. 
The hydrolyzate was evaporated to dryness at 50°C ona 
rotary evaporator. The dried hydrolyzate was taken up in 100 
ml of demineralized water and evaporated to dryness again. 

It was then freeze-dried to remove water completely, and 
dissolved in a known volume of sodium citrate buffer of pH 
2.2 to make about 0.2 to 0.3 mg N/ml concentration. The 
solution was filtered and one ml was used for the determin- 
ation of the acidic amino acids, and two ml for the basic 
amino acids. In addition, part of each solution was 
diluted to about 0.05 to 0.06 mg N/ml for the determination 
of glutamic acid and ammonia. (This was necessary because 
of the high content of these substances). A blank was run 


in exactly the same manner for the correction of ammonia 


content. 
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For the determination of tryptophan, an aliquot was 
hydrolyzed by refluxing with 10 ml of 5 N sodium hydroxide 
for 20 hours in an alkali-resistant flask. The hydrolysate eae 
neutralized with dry ice and filtered. The filtrate was 
evaporated to dryness on a rotary evaporator at 50°C. The 
dried sample was then taken up to a desired concentration 
with sodium citrate buffer of pH 2.2. One ml of the sample 
was transferred to the aback column, the length of which had 
been increased to 1l cm to obtain better resolution. MTrypto- 


phan was eluted just before lysine. 


Enzymic digestion of gluten. 


The enzymic digestions were performed in Erlenmeyer 
flasks at 37.5°C using suitable proteolytic enzymes. Papain 
and trypsin were used for the gluten dispersed in sodium 
salicylate, and pepsin was used for the gluten dispersed in 
aluminum lactate. The concentration of each enzyme was kept 
at 1% by weight of the protein used. At appropriate intervals 
aliquots were withdrawn and the undigested and partially 
digested proteins were precipitated with one fifth volumes 
of 50% trichloroacetic acid. The solutions were centrifuged 
and the protein-free supernatants were acidified with hydro- 
chloric acid and extracted with ether to remove the remaining 
salicylic acid and trichloroacetic acid which might interfere 
with the subsequent analysis. After the digestion was 
concluded, the protein precipitated during digestion was 
removed by centrifugation. Digestion was stopped by freezing 


the digestion mixture and storing at -20°C until used for 
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further study. The precipitated proteins were dissolved in 
0.1 N sodium hydroxide and aliquots of the solutions were 
hydrolyzed with 6 N hydrochloric acid for amino acid 


analysis. 


Determination of non-protein nitrogen, terminal amino group 
nitrogen, and free amino acid nitrogen. 


Aliquots of the protein-free supernatants prepared as 
described above, were used for the following determinations. 

Non-protein nitrogen was determined by the microkKjeldahl 
method using mercuric oxide and potassium sulfate as catalysts(99). 
Terminal amino group nitrogen was determined using Fisher's 
Van Slyke apparatus. Free amino acid nitrogen was determined 
by the Conway microdiffusion method as described by McConnell 
(82). 

Ion exchange chromatography of digests. 

The digestion mixtures were chromatographed at 38°C by 
gradient elution on a 150 x 0.9 cm column of Aminex 50W-X2 
with 200-325 mesh. Before the experiments, the resin was 
stirred and washed several times with 2 N sodium hydroxide in 
a fritted funnel and then equilibrated resin was settled 
several times from the buffer in order to remove the very 
fine particles. The resultant resin was packed into the column 
by using a pump with the flow rate of 60 ml/hour. 

When the digests were to be employed for chromatographic 
separations, the stored digest, having been at neutral pH, was 
brought to pH 2.5 by the addition of 1 N acetic acid. The 
salicylic acid formed was centrifuged off, and the supernatant 


was freeze-dried. The dried sample was taken up in a small 
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amount of sodium citrate buffer of pH 2.2. 

The sample was applied on the top of the column and 
forced in with nitrogen gas pressure. The elution was begun 
with 0.2 N buffer at pH 3.10 at the flow rate of 30 ml/hour, 
and ionic strength and pH of the buffer were gradually 
changed to 2.0 N and pH 6.8 by using a nine chamber Autograd, 
which was filled with the buffers made up according to 


Catravas (83) as given in Tables I and II. 


TABLE I 


Composition of Buffers used for Peptide Analysis 


Eluent buffers 


pH cP ko) 5e10 6.80 
Na conc. OS2eN 2. 0°N 2s On 
Cisric acid-H,0 ZL 7ug LOS eurG - 
NaOH (978%) Ses oF 47.06 g - 
Cenc. HCI 18 ml = - 
Glacial acetic acid - 21.47 ml - 
Sodium acetate-3H.0 - - Ay Pe i 
Final vol. 1 Bg ig Wf I*1; 
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TABLE II 
Buffer Composition of Autograd Chambers 


SSS SS a ae a es a ee ee ee 


Chamber No. Buffers, ml Water, ml 0.01 WN NaCN*¥,ml 
TaLv Se L0 6.80 
1-4 “¥: - - - ove 
5 ed 15 - 20 0 3 
6 4 45 - 40 O33 
iT - 88 - = Os'3 
8 - 67 20 - Q.3 
9 - ~ 87 - Oy 


*NaCN solution was added to the chambers just before the start 


of the. run, 


The eluent containing peptides was mixed with ninhydrin 
reagent for color development. This reagent, pumped at the 
rate of 34 ml/hour, was composed of two volumes of ninhydrin 
reagent (used for the amino acid analysis) and one volume of 
distilled water. The color development was carried out at 
100°C for approximately 7 minutes. The optical density of 
the solution was measured and recorded automatically in the 
same manner used for amino acids. The temperature of the 
column was increased to 55°C after being held for a period 
of 20 hours at 38°C. The rate was maintained constant 
throughout the experiment. Peptides generally react with 
ninhydrin only at a free amino group, so this procedure 


measures only the free amino group of the peptides. 
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If a peptide is hydrolyzed then all the liberated amino 
acids will react with ninhydrin. Consequently, in some 
experiments, a fraction collector* was used, and the fractions 
were hydrolyzed, then tested with ninhydrin. 

The hydrolysis of peptides was carried out essentially 
according to the method of Hirs et al. (84) as follows: 

o.3 ml aliquots placed in a set of Pyrex test-tubes 
(10 x 100 mm) were hydrolyzed with 1.0 ml of 2.5 N sodium 
hydroxide in. a water bath at 95°C for 2.5 hours. After 
hydrolysis, the tubes were cooled and then to each of the 
cooled tubes, 1.0 ml of 30% (by volume) acetic acid was added 
to bring the final solution to about pH 5. The final solution 
was mixed thoroughly with 1 ml ninhydrin and heated at 100°C 
for 10 minutes. After the solution cooled, the optical 


density was measured at 570 my with a photometer. 


Determination of ribonucleic acid. 

The hydrolysis of total RNA was based in principle on 
the Schmidt and Thannhauser method (85). 

The precipitates from enzymic digests were dissolved in 
15 ml of 0.5 N potassium hydroxide and hydrolyzed for 18 
hours at 37°C. The solutions were then cooled to 0°C and made 
slightly acid by dropwise addition of cold 7 N perchloric 
acid (PCA). The hydrolyzates were separated by centrifugation 
in the cold and the residue washed 3 times with 0.3 N PCA. 
The combined washings and hydrolyzate, after neutralization 


with 7 N KOH, stood overnight in the cold. 


*Model 132, Fraction Collector, Beckman. 
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The precipitated potassium perchlorate was removed by 
centrifugation, and the supernatant was evaporated to dryness 
on a rotary evaporator at room temperature. 

The dry residues containing the mononucleotides, were 
dissolved in 5 ml of distilled water and deproteinized by 
shaking with a chloroform-octanol mixture using a vortex 
mixer. The solutions were then centrifuged at 11,000 g and 
the chloroform layer siphoned off. This process was repeated 
at least 5 times to make sure that all the protein was removed. 
The final aqueous layer was used for the estimation of nucleo- 
tide concentration. 

The separation of the mononucleotides was carried out 
using a paper chromatographic technique which is essentially 
that of Lane (86). 100 microliter portions of the solutions 
were spotted in a band on a paper which was impregnated with 
ammonium sulfate by dipping the paper into a one-tenth 
saturated solution and allowing the excess liquid to drip off. 
The chromatograms were developed for 22-26 hours by the 
descending method using 80% ethanol in a 12x 12 x 24 inch 
all glass tank which was pre-saturated with the developing 
solvent. 

After development, the chromatograms were removed and 
air dried. The nucleotides were located by scanning with a 
short wave, Mineralight*. The spots were cut off along with 
a blank, and the paper discs were then cut into small bits 
and disintegrated on a vortex mixer with 5 ml of 0.12 N HCl. 


The paper was removed by centrifugation at 10,000 g and the 
ww, rr 


*Model UVS 11, Ultra-violet Products, Inc., San Gabriel, Cal. 
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optical density of tha supernatant Measured between 300 and 230 mu 
in the Beckman DK-1l spectrophotometer. From the spectral 
data the nucleotide concentration was calculated using the 
following molar extinction coefficient at 260 mu (E569) in 
acid: 
Cytidylic acid Scene 10 


Guanylic acid 1d ox 10 
Adenylic acid 14.2 x 107 


Uriaylic acid 1070 x*10 
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RESULTS 


Fractionation of dispersed gluten from 10% sodium 
salicylate solution with or without added bisulfite or sulfite. 


It had been noted during the sedimentation study of 
gluten (87) that the addition of small quantities of bisulfite 
did not change sedimentation diagrams significantly. It seems 
possible that the action of bisulfite causes merely a physical 
disintegration of aggregated gluten rather than reduction of 
disulfide bonds. On the other hand, the addition of sulfite 
has been shown to reduce the sedimentation constant of 
dispersed gluten (88) and to break disulfide bonds (59). 
Therefore, bisulfite and sulfite were used as reducing agents 


in the present investigation. 


Fractionation of dispersed gluten. This experiment was conducted 


to determine the quantities of proteins precipitatedat certain 


concentrations of addéd bisulfite or sulfite. 


Four gluten dispersions were prepared in the usual 
manner in 10% sodium salicylate solution containing the 
following amounts of sodium bisulfite: 0, 10, 25, and 50 mg/50 
ml dispersion. Two further gluten dispersions were prepared 
in 10% sodium salicylate solution, one containing 25 mg/50 ml 
of sodium bisulfite and the other 25 mg/50 ml of sodium 
sulfite, and each was dialyzed for 24 hours against a large 
amount of the appropriate dispersing agent in order to ensure 


that the full effects of the reagents would be obtained. 
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The final dispersions prepared as described above 
were different in opacity. The first four were opaque 
and slightly yellowish, whereas the other two were slightly 
translucent. All of these dispersions were then 
fractionated. The relation between nitrogen precipitated 
and the concentration of the precipitating reagent is shown 
in Figure 1, each point being an average of duplicate deter- 
minations. The reproducibility of the results was within 3 
to 8%, depending upon the fractions. Since the first two 
fractions were sensitive to very small amounts of magnesium 
sulfate, a slight change in the amount added or in the degree 
of saturation of the precipitating agent would cause consider- 
able variations in these fractions. However, slight variations 
in the proportions of fractions would not significantly affect 
the relation of nitrogen recovery and the concentration of 
magnesium sulfate. 

It is evident from Figure 1, that there were no signi- 
ficant changes in the quantitative values of the fractions 
when small quantities of bisulfite were added, since the 
basic curve in Figure 1 is a composite of results from four 
different dispersions, and there are no detectable differences 
in the curves. The precipitation of protein started at 
0.025 saturation of the dispersion with magnesium sulfate, 
and progressively increased with no indication of discontin- 
uity. This is in accord with the results obtained by McCalla 
and Rose (11). After diaIysis in the presence of bisulfite, 
however, the precipitation started at 0.035 saturation, and 


increased nearly linearly up to 70% precipitation of the 
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1  @ IN ABSENCE OF BISULFITE 
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FIGURE ]. Precipitation of dispersed gluten with 
Mg5V, . 
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protein, then followed the curve for the dispersion with 

no added bisulfite. With the dispersion dialysed against 
sulfite, a small amount of protein precipitated at 0.04 
Saturation, but no further precipitation occurred until 
0.075 saturation. Precipitation progressed regularly with 
the addition of increasing amounts of magnesium sulfate, but 
the total of all precipitates at 0.5 of saturation was only 
72% compared with about 95% from the other dispersions. 

This variation can be attributed to the increased solubility 
of the gluten reduced by sulfite. 

The results eagiges that the addition of small 
quantities of bisulfite has no apparent effect on the solu- 
bility of the proteins. On prolonged treatment with bisulfite, 
however, the precipitation curve deviated slightly from the 
Original curve, indicating that disaggregation of proteins 
Or rupture of some of the disulfide bonds probably occurred. 
On prolonged treatment with sulfite, the precipitation curve 
was drastically changed, probably indicating that extensive 
cleavage of the disulfide linkages occurred. The discontin- 
uity in this curve at the initial stage indicates that a 


small portion of the proteins may not be reduced by sulfite. 


Analysis of the fractions. Having shown by the 


preceding experiments that there was a considerable difference 
in the distribution of fractions after gluten dispersions 

had been subjected to prolonged treatment with bisulfite 

or sulfite ; it was decided to determine the amino. acid 


composition of these fractions. 01. 
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The results are presented in Tables III, IV, and V. 
Reported values were generally based on the results of 
separate analysis of two samples. In most cases, the agree- 
ment between values was good, the variation being generally 
less than 3%. With certain amino acids, namely cystine, 
methionine, serine, and threonine, however, which were 
present in low concentration, or unstable in the acid, the 
variation was beyond this limit. 

The results presented in Table III were obtained by 
analysis of the fractions prepared from gluten dispersed in 
10% sodium salicylate without added bisulfite. Comparison 
of the values shows that the less soluble proteins generally 
contain a higher proportion of lysine, arginine, aspartic 
acid, threonine, glycine, alanine, and tryptophan, anda 
slightly higher proportion of serine, valine, methionine, 
leucine, and tyrosine, but lesser amounts of glutamic acid, 
proline, and phenylalanine. The amounts of histidine, 
cystine, and isoleucine, are nearly constant. The amide- 
nitrogen content, as measured by the ammonia, increases as 
the solubility of proteins increases. In most instances, 
the changes in amino acid content were regular, there 
being no break from Fractions I to V. This is clearly 
indicated when the values are plotted at the cumulative 
mid-points of the fraction as presented in Figure 2, the 
mid-points being expressed as percentages of the total 
nitrogen in the original dispersion. It is obvious from 
Figure 2, that, except for the most soluble 10 to 15% of 


the protein, most of the amino acid values increase or 
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TABLE III 


The amino acid composition of gluten and its fractions 
obtained from gluten dispersed in 10% sodium salicylate 
without added bisulfite. 


Fractions Gluten iD c ie IIt IV V VI VII 


Lysine y Fearn az L5 0.9 G7 0.7 ONG oa 
Histidine 2.0 ees Ag 2.0 2.9 220 deve 2 eat 
Ammonia ees 4.8 4.9 556 =e, 5.8 4.6 3.0 
Arginine CAMs: 4.1 3.0 PE 2.4 pee Fo 6.0 
Aspartic acid 2.7 Seat | Bis dk PARA eat 2.4 20 ree 
Threonine 206 ac9 2.6 yee 2.0 1.8 1.9 4.5 
Serine 4.8 it 5.6 4.9 4.3 eo 4.6 e's 
Glutamic ~ 42.0 39232 412035. 45.2° 46.2: 46.5" 34,2 26.6 
acid 
Proline 15.0 12544714 .5) 113. 2 eS: wy 4 LE 10.5 
Glycine ome 4.6 Spy x | Bite Ny: bar | ore. 
Alanine eng ak 267 eek 2.0 E9 rast 4.2 
Cystine 2.90 Le 4 Ss I tak eee a Rags ao 
Valine 3.8 4.5 4.2 cr 35 a yeh 349 545 
Methionine A AD ia bas i Loa ek the 2.0 
Isoleucine oS | 3.8 337 & YS) 4.3 Aca ar es. 
Leucine 6.8 ties fee 6.9 eae eiaok 230 tee | 
Tyrosine Se 4.5 4.7 2.6 3.2 2,8 3.4 4.4 
Phenylalanine 5.6 a Bet a ge 6.8 7.4 6.6 335 
Tryptophan 2.0 5.6 2.6 0.9 1.0 1,90 Led 4.9 
N cal/N deter95.3 99,8 99.5: 99,5. 99.3 99.5. 88.9 89.5 Reco- 
% very 
% of total - Ae 32. oe BOO eso) 10.0. 11.4 aca: aoe 


proteins 


All values reported as grams amino acid/17.5 grams nitrogen. 
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decrease smoothly with increasing solubility of the 
protein. There are some exceptions e.g. glycine, serine, 
phenylalanine, isoleucine, and tyrosine, show a break 

at the point of 20 % precipitation. 

Since not all the amino acids show the same 
regularity in distribution it seems unlikely that inter- 
action of two proteins could yield the variations found. 

It seems much more likely that the differences in compo- 
Sition reflect real differences in the proteins in the 
various fractions. 

The most soluble Fraction VII appears to be different 
from the remainder, and has been discussed by McCalla and 
Rose (ll) in their experiments. They stated that this most 
soluble fraction apparently contains the soluble non-gluten 
proteins of wheat flour, which were not removed completely 
during washing of the gluten. In the present experiments. 
it seems possible that Fraction VI may contain some of these 
non-gluten proteins. 

The results presented in Table IV were obtained by 
analysis of the fractions prepared from gluten dispersed 
in 10% sodium salicylate to which sodium bisulfite had been 
added and the dispersion dialyzed for 24 hours. 

The proportions of the various fractions were as 


expected from the precipitation curves in Figure l. 
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TABLE IV 


The amino acid composition of gluten dispersed in 10% sodium 
salicylate solution with added bisulfite, and of its fractions 


obtained by the addition of magnesium sulfate 


Fractions Gluten IIB IIIB IVB VB VIB VIIB 
Lysine 144 oR | 3 Ne eT, OF 0.8 Pe | 
Histidine oe 2.4 eee 
Ammonia = he 4.5 Se 6.0 Saee aw Ky 
Arginine Bie 4.5 Se | oun 
Aspartic sf) <4 re a2 fad eae 
acid 
Threonine ea 3.0 IS 0 tia ry 4.5 
Serine eps ee 4.9 4.9 4.8 4.5 =, 6 
Glutamic 43.2 33.9 42.8 .48.0 48.5 43.6 32.8 
acid 
Proline LS L242. 0 1530 atl Gear Badd. 16.8 10.4 
Glycine a5 Awl 4.0 2.8 eS Let 4.0 
Alanine 2.4 hae | 2.4 2.0 2-0 hall Awe 
Cystine 1.4 ya 0.8 133 0 a 0.3 0.9 
Valine 4.0 4.9 7.9 3a 3.6 ce 5.5 
Methionine Maia ats, a «0 te Ll 1.0 Lea 
Isoleucine 358 30 o.8 3 ap 4.0 359 <a: 
Leucine die 8.0 7.4 6.8 And 6.0 6.8 
Tyrosine regs 4.7 4.5 36 3.4 ce ee 
Phenylalanine 5.9 ey 5.0 6 oe eae ot Jia 
Tryptophan ¥ aaa Tee 2.0 Lak Pe hogy | 4.4 
ee 96.3 99.8 99.8 8975. 99.38 99.5 97.4 hasae 
’ very 
% of total 5 3149 825.5) <lage 10.0 4.0 94.9 
Proteins 


ere 


All values reported as grams amino acid/17.5 grams nitrogen. 
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The distribution of amino acids in Fractions VB, VIB, 
and VIIB was essentially the same as the distribution in 
Fractions V, VI, and VII (Table III) and this was also to be 
expected from the precipitation curves. 

Comparisons of the specific values for the amino acids 
in Fractions IIB, IIIB, and IVB, with those for Fractions I, 
II, III, and IV, are not possible since the fractions do not 
include comparable portions of the total protein. If, however, 
the values are plotted at the cumulative mid-point of the 
fraction as presented in Figure 3, it is obvious that the slopes 
of the first parts of the curves tend to be steeper than those 
in Figure 2, although the remainders of the curves agree well. 

It seems likely that the addition of bisulfite tends 
to disaggregate the proteins and hence provides a sharper 
separation of fractions and this resulted in an increased 
range of values for the amino acid content of the most insoluble 
fractions. 

Higher contents of glutamic acid were found in 
Fractions VIB and VIIB than in Fractions VI and VII. It is 
possible that some of the non-gluten proteins may have been 
originally aggregated with the less soluble proteins. 

It is perhaps worth noting that, despite the sharper 
separation of fractions that appeared to occur with the 
addition of bisulfite, the curves in Figure 3 do not exhibit 
any sharp break, and agree in general with those obtained 
without the use of bisulfite. 

The results presented in Table V were obtained by 


analysis of the fractions prepared from the gluten dispersion 
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after it was reduced with sulfite. 

An examination of the precipitation curves in Figure l 
shows that after general precipitation began the curve for 
the sulfite-treated gluten roughly parallels the curve for 
the untreated and bisulfite-treated samples. Similarly, the 
analytical results for Fractions VS and VIS presented in 
Table V and Figure 4, are similar to those for IVB, VB, and 
VIB (Table IV). Fractions VS and VIS together make up 55.8% 
of the total protein in the dispersion, while Fractions IVB, 
VB, and VIB make up 47.5% of the total in that dispersion. 
Fractions IIS and IVS correspond roughly in quantity and amino 
acid composition to Fraction IIB and in composition also to 
Fraction I. There is, in the sulfite-treated gluten, however, 
much less of the total gluten with amino acid distribution 
Similar to that found with the less soluble fractions of the 
other dispersions. Thus there is no fraction corresponding to 
Fraction II or to Fraction IIIB. Each of these fractions 
makes up about 30% of the total protein of the dispersions and 
this is approximately the proportion that is not recovered by 
precipitation after sulfite treatment. 

It therefore appears that the sulfite reacted with 
the less soluble fractions, probably splitting intermolecular 
disulfide bonds. If sulfite split disulfide bonds of the 
more soluble fractions, these must have been intramolecular 
bonds since there was no apparent change in solubility. 
Further comments on these results will be made in the 


discussion section of the thesis. 
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TABLE V 


The amino acid composition of the fractions obtained from 
gluten dispersed in 10% sodium salicylate solution after 
prolonged treatment with sulfite. 


Fractions IIs IVS vs VIS VIIS 


Lysine 4.0 Yat | atice Lad 2:0 

Histidine 

Ammonia S70 4.6 =e 

Arginine 5.4 

Aspartic acid 6.6 a0 ao 4aP 

Threonine 

Serine 6.2 5.6 3.9 4.3 6.0 

Glutamic 

acid 30.9 38.6 46.4 46.5 40.0 

Proline ue Lego 15.4 Liiee 1 Se 

Glycine 4.9 Sd. CTs 2.8 4.3 

Alanine 4.6 3.4 2.4 Zink 4.0 

Cystine 2.0 Leo 0.8 a2 oy 

Valine 5.6 4.6 4.3 RS | 6,1 

Methionine Lo ee 1. 0 Ue 1.5 

Isoleucine 4.4 238 3.8 Bint ef 

Leucine 8.4 hao q.5 Gast 8.9 

Tyrosine 4.4 4.9 re 3.6 4.6 

Phenylalanine 5.9 = eds aso 6.8 5.4 

N cal/N 

deter, % 99.0 99.0 98.0 98.0 98.0 Reco- 
very 

% of total 

proteins 1.4 lai 7 26.0 29.8 ‘Oyeys) 71.4 


I 
All values reported as grams amino acid/17.5 grams nitrogen. 
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Fractionation of dispersed gluten from aluminum lactate 


solution 

This experiment was conducted for the purpose of 
obtaining comparative results with the fractions prepared 
from gluten dispersed in aluminum lactate. 

As recorded in detail in the section on methods, the 
fractionation was carried out by varying the pH from 3.1 to 
4.8 and four fractions were obtained. The amino acid 
distribution of the fractions is presented in Table VI. It 
had been expected that fractions A and B would correspond 
to the less soluble fractions in Tables III and IV. However, 
results indicate that they are quite different. In fact, 
none of the fractions obtained in this experiment exhibited 
a close similarity in amino acid distribution to any of the 
fractions listed in Table III or Table IV. There was far 
less variation in the composition of these four fractions 
and none of them can be classed as "more soluble" or 
"more insoluble" in the sense that these terms have been 
used with the fractions obtained from dispersion in sodium 
salicylate. It is true that the results for glycine show 
the same trend as in the other tables but the result for 
arginine show exactly the opposite trend. 

The determining ee in the separation of these 
fractions is probably the difference in the isolectric 
points of the fractions. The gradual increase in the content 


of basic amino acids from Fraction A to D strongly suggests 
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TABLE VI 


The amino acid composition of the fractions obtained from 


aluminum lactate solution by varying the pH 


Fractions A B Cc D 
Lysine 

Histidine 

Ammonia 

Arginine 

Aspartic high et are 3:6 
acid 

Threonine 4-6 2.6 255 ye 
Serine 4.6 §.0 5.0 5.0 
Glutamic 43.5 44.6 45.0 34.0 
acid 

Proline 14.7 15.6 14.8 ahs 
Glycine Ae i 4,3 3.0 Oe 
Alanine 2-0 2.5 2.6 » Pe 
Cystine ve Peel 2.4 ee 
Valine 3.4 4.2 4.5 = ey 
Methionine 0.9 1.4 1.6 2a 
Isoleucine 22 a,8 4.2 4.7 
Leucine 6.5 (ER 8.0 8.3 
Tyrosine 2 ee he, 4.1 2.6 
Phenylalanine 5.4 578 6.0 6.6 
N cal/N $555 99.5 99.5 - 
deter, % Recovery 
% of total ri? 3371 aol hp 72.0 90¢S 
proteins 


i 


All values reported as grams amino acid/17.5 grams nitrogen. 
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that the isolectric point of the successive fractions may 

be determined by the relative proportions of these acids, 
Since most of the aspartic acid and glutamic acid is present 
in the form of amides. The higher the proportion of basic 


amino acids in the protein, the higher the isoelectric point. 


Effect of proteolytic enzymes on gluten and its fractions 


During investigations of enzymatic hydrolysis of dispersed 
gluten in this laboratory (78), it was noted that a precipitate 
gradually formed in the digestion vessels. The amino acid 
distribution of the precipitate was quite different from that 
of whole gluten. It seemed possible that enzymic digéstion of 
the gluten fractions might yield additional evidence concerning 
the relationship of the fractions. It was therefore decided 
to carry out digestion of whole gluten and of the fractions 


prepared from the different types of dispersions. 


Enzymatic hydrolysis of dispersed gluten . Before carrying 
out any investigations on the effects of 

enzymes on gluten fractions, it was necessary to determine 

the rate and extent of the action of the enzymes to be used 
on whole gluten. Four dispersions were prepared in the usual 
Manner in the dispersing agents suitable for the action of the 
enzymes. Two dispersions in aluminum lactate were digested 
with pepsin at the ratio of 1:100 and 1:50 by weight of the 
protein in the dispersion. One dispersion in 10% sodium 
salicylate with added bisulfite was digested with papain at 
the ratio of 1:100 by weight of the protein in the dispersion. 


The other dispersion in 10% sodium salicylate without added 
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bisulfite was digested with trypsin at the ratio of 1:100 

by weight of protein. The rate and extent of the enzymatic 
hydrolysis were determined by the increases in the amounts of 
non-protein nitrogen, terminal amino nitrogen, and free amino 
acid nitrogen in the digests, which had been subjected to 
precipitation with 10% trichloroacetic acid. This treatment 
removed undigested protein and probably considerable quantities 
of large digestion products. The results are given in Table 
VII. All digestions proceeded regularly and appeared to be 
largely complete at 48 hours. Results presented later show that 
only slight increases in free amino acids occurred between 48 
and 72 hours (Table VIII). 

About 75% of the protein was digested by pepsin or papain 
after 48 hours, whereas only 35% was digested by trypsin. The 
rate and extent of digestion is shown in the curves presented 
in Figures 5 and 6, in which the percentages of non-protein 
nitrogen and terminal amino nitrogen are plotted against the 
time of digestion. As shown in Figure 5, digestion with trypsin 
proceeded slowly, and was nearing completion after 12 hours. 
Papain and pepsin hydrolyzed the gluten more extensively. The 
rate of production of material soluble in 10% trichloroacetic 
acid increased rapidly during the early stages of digestion 
with papain, and almost ceased after 24 hours. The rate of 
digestion with pepsin increased rather uniformly, and the 
digestion continued over 48 hours. Doubling the amount of 


pepsin accelerated the rate but not proportionately. 


hei i 


oitenysne odt to pres isa essx - : ae 
to estowoms sit ak ‘abepexoni otis wd b i 
onims sext bas moporsin onims ile’ Spor xq-M10 

o2 bsdoetaue need bed dotrw sarnend mes sian “er : 
Rewer h aca 


2 
" 

tr 

» i] 
a 


9791 


SHS eeRe eit bids Siseos BO loLas cf 
esistitnaup sidsiebienoo Yidedowq tink: pneithie acer 
olde? at nevip sis etiveor odT -eiouborg ol4e0pis 9 
ed o+ beyesqgs bas ylusivpet behassorg pacbenouth ‘ 
tedd wode tetei betnerera eiiveor — .eavor Bb ae ¢ 
8h neewtsd bexavoDe abios spans sont nk eanaoaent 

| + (TrIV. elds?) pat : 

shaaiil 10 lisa yd botespib. eew stetouq: ont none 
oiT  .miaqyxt yd besespib. asw see yiae “esozodw 
besneeexg 2eviuo edt ud impose) 0a) siptonmgin to ana: 
nistowq~non to soetgensem 24 Bont: 


ait yenisps bastoia S%s # eee ae 


end wl oh ay 


ateqyis dtiw aan i <2 


to sitet oat exon BS : Pp MSESSD Fi 
oid bas mye? iaw a aM. 
to Faves ods pniLdson 0 mia a 

) “(lessnottroqorg tom dud ities 


48 
TABLE VII 


Digestion of dispersed gluten with pepsin, papain, and 


trypsin, Temperature 37.5°C. All results expressed as mg/ml. 


Enzyme Time of 
concen- digestion 0 2 4 6 8 12 24 48 
tration (hour) 
Pepsin: Terminal 0.01 0.06 0.09 0.10 0,12-0714,0,1840.23 
21.0 ug/ml amino N 
NPN 0.14 Oe53S°0 769 0.81 0093 1.05. 1.34.51.64 
Free amino not detected 0505. 0,06 0510 
acid N 
Pepsin: weeminal 0.501.0:08 0.10 0.12 0,14 0.16 0.23 0.29 
42.0 ug/ml amino N 
NPN 0714 -0.67°-0.86 0:98 1.09 1.23 1.56 1.86 
Free amino not detected 0.05 0.07 0.11 
acid N 


Papain: Terminal 0.01 0.06 0.09 0.11.0.13-.0.15 0.19 0.26 
20.0 ug/ml amino N 


NPN Oeb0 0.85.40 99 LehQGui.l? 11:28°71:240 Lise 
Free amino not detected 0.01:0.02 
acid N 
Trypsin: Terminal 0.01 0.03 0.05 0.07 0.08 0.10 0.12 0.14 
20-0 ug/ml amino N 
NPN 0.09 0.25 0.36'°0.46 0,55 0.64 0.70° 0.74 
Free amino not detected 0.005 
acid N 


Protein concentration: in pepsin digests 2.1 mg/ml 
in papain and trypsin digests 2.0 mg/ml 


pH values at start of digestion: for pepsin 3.1 
for papain & trypsin 7.0 
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Non-protein nitrogen increase in gluten dispersion 
during enzymatic hydrolysis. 
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FIGURE 6. Terminal amino nitrogen appearing during enzymatic 
hydrolysis. 


{ qo . [#i} Maeva 


the ais 
OO eee so 


ee eee Worse a One 


tH WOMBIDIOIOSMIT 


Disemysas Hal tub buixgeqes sopossiis, onine, tex 


J Y are 


“oy 
a 
_. 
wey 
7 
es 
> 
= 
Soa” s 


ye 


Figure 6 shows the amount of terminal amino nitrogen 
produced by each of the enzymes. Papain or pepsin produced 
larger amounts than did trypsin, Papain was slightly more 
effective at the same apparent concentration, but this is 
an inadequate measure of the concentration of active enzyme. 
Considerable difference can be noted in the forms of the 
curves for papain in these two figures during the early and 
late stages. The rapid increase in the amounts of non-protein 
nitrogen during the early stages, but not in the amounts of 
terminal amino nitrogen indicates that papain produced larger 
peptides from gluten than did pepsin or trypsin during the 
early stages of digestion. The falling off in the production 
of non-protein nitrogen after 24 hours, but not in the release 
of terminal amino nitrogen during the later stages indicates 
that papain continued to act on the larger peptides produced 
at the earlier stages. In contrast, the production of non- 
protein nitrogen and the release of terminal amino nitrogen by 
pepsin and trypsin appeared to proceed at essentially similar 
rates. 

After 8 and 24 hours of digestion with papain and pepsin 
respectively, a precipitate gradually formed, but no such 
precipitate formed with trypsin. The amounts of proteins 
precipitated during the digestion of the dispersions by papain 
and pepsin were about 8.5% and 1.5% respectively of the total 
protein. 

The amounts of free amino acids released during digestion 


are also given in Table VII. It is shown that the amounts of 
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free amino acids liberated by papain and trypsin were very 
small, being less than 8% of the terminal amino nitrogen, but 
the amounts released by pepsin were considerably higher. About 
40% of the terminal amino nitrogen was liberated as free amino 
acids by pepsin after 48 hours of digestion. It was therefore 
of interest to determine which amino acids were released from 
gluten during digestion with pepsin. 

The experiments were carried out on Fraction D. The 
results are given in Table VIII. It is shown that large 
amounts of threonine, serine, glutamic acid, alanine, valine, 
methionine, leucine, tyrosine, and phenylalanine, were released. 
The amounts of leucine and phenylalanine were particularly 
high, being about 28% of total leucine, and 16% of total 
phenylalanine in Fraction D. The specificity of pepsin in 
splitting the peptide bonds of hydrophobic amino acids has 
been reported (89), hence the release of valine, leucine, 
tyrosine, and phenylalanine, was expected. The release of 
hydrophilic amino acids, such as threonine, serine, and glutamic 
acid, could have been due to the action of naturally occurring 
enzymes of gluten. 

To check this possibility, an autodigestion of Fraction D 
. and a pepsin digestion of heat-treated Fraction were carried 
out. The heat-treated fraction was prepared by heating Fraction 
D for 5 minutes in a water bath at 100°C. This treatment 
has been used by various workers to inactivate the proteo- 


lytic enzymes of gliadin (21). 
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TABLE VIII 


Free amino acids liberated from Fraction D by the action of 
pepsin 

Protein concentration: 2.13 mg N/ml 

Pepsin added : 0.24 mg/ml 

pH 3.1 Temperature 37.5°C 


Conditions With added pepsin No pepsin Heat-treated 
added with added 


pepsin 


Time of 


digestion (hr.) : an a8 UG he ag 
Aspartic 0.004 0.01 0.06 0.07 0.07 D025 
acid 

Threonine+ C060 S25" SS - 0.09 O°SE1 
Serine 

Glutamic 07004 0.23 0.29 0.26 0.09 0.14 
acid 

Proline 0 0 0.004 0.05 0.003 0.02 
Glycine 0.00670505 °° 0.07-.0.09 0.06 Geue 
Alanine OTuge Gere e Ur os 0259 Fle 0.08 
Cystine 0 0 0 0 0 0 
Valine 0, 006002 205 70.36--:0.37 0.09 0.19 
Methionine O.<002 O.33 0.48 0.46 0.06 0.25 
Isoleucine e004 "Grits. 20 “Urls 0.08 0.11 
Leucine 0205. nhtbnhie8t 22.48 0.38 leat 
Tyrosine Pe O0g Oo as. ee: 0.25 0.05 0.14 
Phenyl- 0.032 0.56 °-0.79., 0.80 0.23 0.54 
alanine 


ee 


All values reported as umoles/ml of digestion. 
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The autodigestion was performed as for the regular 
digests but without added pepsin. The amounts of free amino 
acids released during the digestion are included in Table VIII. 
It is evident that a considerable degree of enzyme activity 
was naturally present in the gluten. The amounts of hydro- 
philic and hydrophobic amino acids released were equally 
significant, and these enzymes did not account for the large 
amounts of hydrophilic amino acids released by the pepsin 
digestion. 

The digestion of heat-treated Fraction D was performed 
as for untreated Fraction D with pepsin added at the same rate. 
Since the naturally occurring enzymes of gluten had been inacti- 
vated by heating, the amounts of free amino acids released as 
shown in Table VIII represent the action of pepsin only. It 
is obvious that the amounts of hydrophobic amino acids, 
especially leucine and phenylalanine, were still high. There 
were also significant amounts of hydrophilic amino acids 
released although these amounts were considerably less than 
for the untreated Fraction D, and the proportions considerably 
less than for the hydrophobic amino acids. 

Theoretically, the results from these two experiments 
should be additive to give the results obtained with the 
digest of untreated Fraction D. While this result is 
obtained for some amino acids such as glycine, isoleucine, 
and phenylalanine, it is not obtained for others such as valine, 
methionine, and leucine. The differences are perhaps due to 


partial denaturation of the protein molecules during heating. 
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Enzymatic hydrolysis of gluten fractions , Having 

confirmed that papain and pepsin digestion of 

gluten resulted in the formation of precipitates in the 
digestion mixture, the fractions obtained as in the preceding 
experiments were digested with papain or pepsin using the 

same procedures as with whole gluten. The digestions were 
carried out for 24 hours in all cases, and digestion was 
stopped by freezing after the removal of the precipitates. 
These digests were used in the study of peptides reported later 
in this section. 

It was observed that the nature and amounts of the 
precipitates from different fractions were somewhat different. 
More precipitate was obtained from papain digests than from 
peptic digests as was expected from the results with whole 
gluten, and the precipitates obtained from papain digests 
seemed to be light and fluffy, whereas those from peptic 
digests were heavier and solid. Precipitates occurred in 
all fractions prepared from dispersions in sodium salicylate 
to which bisulfite had not been added, whereas with added 
bisulfite the precipitates occurred in only the first two 
fractions. 

The precipitates were dissolved in 0.1 N sodium hydro- 
oxide solution. All precipitates except those from the 
digests of Fractions IIS to VIIS dissolved readily, and the 
solutions were colorless except those from the precipitates 
obtained with pepsin, which were yellowish. The precipitates 
from the sulfite-treated gluten were insoluble and no further 


work was done on them. 
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Aliquots of the solutions were hydrolyzed with 6 N 
hydrochloric acid in the usual manner, and the hydrolyzates 
were analyzed for amino acids. The results are presented 
in Tables IX and xX. 

It is clear from the results in Table IX that most of 
the precipitate that forms when whole gluten is subjected to 
papain digestion comes from the more insoluble fractions, 
Since about 92% of the total precipitate was produced in the 
digests of FractiormI to III inclusive. There was a decreasing 
proportion of the nitrogen in each fraction precipitated as 
the solubility of the fractions increased with the exception of 
Fraction VII which is considered not to be from the gluten. 
The precipitates from all fractions contained much lower 
proportions of glutamic acid, proline, and cystine, and much 
higher proportions of lysine, arginine, aspartic acid, and 
alanine, than did the proteins in the original fractions. 

As mentioned earlier, only with the first two fractions 
were precipitates produced in the digests of Fractiors IIB to 
VIIB, but the total amount of precipitate was approximately 
equal to the total from the digests of Fractions I to VII 
(Table IX and X). This appears to confirm the suggestion that 
the presence of bisulfite in the dispersion results in more 
sharply defined separation of fractions than was obtained 
from dispersions with no added bisulfite, and aiso indicates 
that gluten can perhaps be separated into two different groups 
which can be related to the classical glutenin and gliadin; 


"the more insoluble proteins" which produce the precipitate 
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TABLE IX 


The amino acid composition of the precipitates from 


Fractions I to VII 


Fractions I II Trt IV V VI Vio. 
Lysine 5.9 ard 3.6 Zane ey Ee Pe 4.3 
Histidine 33 x ey. 3.4 chy: Sle a. © 2.9 
Ammonia Aah 3.7 4.2 4.2 ee: er lal 
Arginine 7.4 @.2 643 SET, LW: ea 8.6 
Aspartic acid 9.7 6.7 6 <7 ws 4.6 6.0 738 
Threonine Ale 2.6 Jal ce we 25 Oe he oO 4.9 
Serine esi =| 5.6 5 «3 foe "BEY Palace VR Sal 
Glutamic acid 20.6 4529.2 . 2946" 32.3 45.1 33.1 Zhai 
Proiine a0 9.6 9482 10.5 L1.0° 18.3 Sel 
Glycine So 4.9 4.1 ce) 2.8 .4.% 6.0 
Alanine 6.2 4.6 4.5 ser Teta at 540 
Cystine 0.6 0.5 0.2 0.4 DA! dbs S re wi 
Valine — 6.9: 66.8 ‘6Ga3q 4.8 4,1. -4.6 6.0 
Methionine Zea 1.9 343 ae ete aS Lad 
Isoleucine 5.0 4.9 4.6 4.3 3.8. 4.9 3a7 
Leucine Lbs 9.3 8.2 | 8.0 8.4% 9.4 
Tyrosine Bau 4.9 309 Ginn 3.9, hae 5 46 
Phenylalanine 6.1 5.6 4.9 6.7 6.6 &.5 4.8 
% of ppt in 21.2a4g.&s2 6 wl 2.4 ly Lees 5.4 
fraction Total 
%. of ppt in 0.9 5.9 la2 0.4 CL Od 0.1 a.°7 
gluten 


en nnn EEE 


All values reported as grams amino acid/17.5 grams nitrogen. 
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TABLE X 


The amino acid composition of the precipitates from 
Fractions IIB, IIIB, A, B, and Cc. 


Fractions IIB Ie A B (es 
Lysine Se ak 2.8 Bais 2 iD 
Histidine 3.4 ee a eek ae ye 
Ammonia 2s0 3.0 4.5 4.0 Saal 
Arginine 7 8cl; 6.1 4.6 4.9 4.4 
Aspartic acid S| we" 4.8 6.6 Jig 
Threonine 3.8 323 Sard a5 zp 
Serine Oe | 5.8 5.0 5.4 oo 
Glutamic acid 21% 0 31.0 Ba ps hog E 33.4 
Proline 8.1 10.8 10.6 10.6 Tol ee 
Glycine 5.1 4.1 5.7 59 4.3 
Alanine Died an2 a 4.3 3.8 
Cystine 0.4 0.6 12 5 WR as 
Valine 6,7 5.9 4.9 5,9 5.8 
Methionine eet es rappel Osa HhSy 0.9 
Isoleucine 5.0 Sek 3.9 4.8 4.6 
Leucine 9.6 9.6 yo? 8.4 8.0 
Tyrosine ee: 4.9 5 0 4.9 4.1 
Phenylalanine 6.5 Fe 5.4 6.0 6.0 
% Of ppt in 44.5 10.9 Lae 350 i eh 
fraction 
% of ppt in = EY 3«5 0.2 1.0 0.3 
gluten 


Total ppt in 
gluten ¢ 8.6 La 


ee nnn eee E EEE 


All values reported as grams amino acid/17.5 grams nitrogen. 
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after digestion, and "the more soluble proteins" which do 
not produce the precipitate after digestion. The amino acid 
content of the precipitates from the digests of Fractions IIB 
and IIIB as shown in Table X are in excellent agreement with 
the results of the analysis of the precipitates obtained 
from the digests of the corresponding fractions from the 
dispersion without added bisulfite. The results do no account 
for the much higher (or lower) values obtained for individual 
amino acids of the precipitates from Fractions IV to VI (Table 
IX), but the total quantity of these precipitates was relatively 
small. | 

The precipitates from the digests of Fractions A to C, 
as also mentioned earlier, differed from those obtained from 
other fractions. No precipitate was formed in the digest of 
Fraction D unless the protein concentration of this fraction 
was very high. While the total precipitate was much less than 
with papain digests, there was no essential difference in the 
proportion of each fraction precipitated during digestion. 
This behavior was clearly different than with the papain 
digests. The amino acid content of the precipitates as 
shown in Table X are similar to those obtained with précipi- 
tates from the digests of the other fractions only in that 
they contained lower proportions of glutamic acid and 
proline, and higher proportions of the other amino acids 
than did the protein in the original fractions. 

It is interesting to note that an extra peak occurred 


on the charts of amino acid analysis for the hydrolyzates 
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of the precipitates from the digests of Fractions A to C. 
This peak appeared just before the peak for ammonia at the 
Same position as ethanolamine occurred. Assuming that the 
peak was ethanolamine, the amounts were 0.63 g, 0.59 g, 
and 0.57 g per 17.5 g N respectively for Fractions A to C. 
No attempt was made to study this peak. 

There were, however, other striking consistencies in 
the analytical results for the precipitates. In order to 
illustrate these clearly, results for four amino acids, as 
obtained from analyses of the total protein in the fractions 
and of the corresponding precipitates have been brought 
together in Table XI. For those amino acids that increased 
substantially with increasing solubility of the fractions there 
were corresponding increases or decreases in the precipitates 
eee eavencind fractions and, considering the very small 
quantities involved in the precipitates from the more soluble 
fractions, the agreement was remarkably regular. This 
regularity is also apparent in the results for Fraction VII. 
The results for Fractions IIB and IIIB agree generally very 
closely with those for the corresponding Fractions I to III. 
On the other hand, although all precipitates from Fractions 
A, B and C showed a similar relationship for any given amino 
acid in the total protein of the fraction and in its corres- 
ponding precipitate, there were no significant differences 
among the three fractions. 

These results strongly support. the idea that fraction- 


ation from sodium salicylate dispersions separates fractions 
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TABLE XI 


Amino acid content of total protein in fractions and of the 


corresponding precipitates. 


Fraction Glutamic acid Proline Arginine Alanine 
Local: Bpu Total Ppt Oca. Pets  “Teran ppt 
I STEER | 20,6 12.4 4.0 4.1 7.4 x a | G2 
1 41.3 69. Oe ba eo 9.6 3 <6 6<2 7 4.6 
sa he es ee Oy 9.8 409 fd ae 4.5 
IV 46.2 cip Pec) Mg ee 190 35 2.4 ore | 2.0 cer 
V 46.5 Se ee | ae 11..0 Poe 4.9 Lom 332 
VI 34.2 RCE yt Ra Le = 10.5 ai 5.6 r al WL, 
VII 26.6 Sy Aaa ee! 8.4 6.0 8.6 4.2 Bru 
IIB 33.9 21 «Os. oh d5.0 S.1 4.5 1.8 eat 5.9 
IIIB 42.8 30 69.15.49 10.8 mE 6.1 2.4 4.2 
) A 43.4 Shahis ob Set 10-6 ool 4.6 2.6 3.9 
B 44.6 a Lo. 10.6 see 4.9 ea: 4.3 
¢ 45.0 33.4 14.8 ye 332 4.4 2.6 Ane 


All values reported as grams amino acid/17.5 grams nitrogen. 
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with progressively different compositions which can be related 
to classical gliadin and glutenin, and this separation is 
sharpened by the use of bisulfite. On the other hand, fraction- 
ation from aluminum lactate does not produce such clear-cut 
separation and does not yield fractions which can be associated 
with classical gliadin and clue ene 

Since the precipitates obtained on peptic digest and 
papain digest of gluten are so different in physical properties, 
it was considered that they might differ in constitution other 
than amino acid distribution. In the early literature, there 
was reported a study on the isolation of nucleic acid from the 
precipitate produced during the Bapeie digest of wheat germ 
proteins (1). Therefore, an effort was made to determine 
nucleic acid in these precipitates. The results showed that 
a considerable amount of ribonucleic acid was present in the 
precipitates obtained from the peptic digests of Fractions A, 
B, and C as given in Table XII, whereas no nucleic acid was 


detected in the precipitates from any of the papain digests. 


TABLE XII 


The nucleic acid content of the precipitates obtained from 
peptic digests of Fractions A, B, and C. 


Values reported as mg per 17.5 g nitrogen. 


Fractions A B re 
Adenosine phosphate 63 32 BRI 
Cytidine phosphate 46 27 26 
Guanosine phosphate 32 17 17 
Uridine phosphate 58 29 26 


Total £99 105 100 
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Protein associated with nucleic acid in acidic media 
is well known in the behavior of polyelectrolytes. It is 
possible that the original proteins in the dispersion may 
also form such association, but this cannot be established 


from the present study. 


Polypeptide analysis of enzymic digests of gluten fractions. 


It was considered that examination of the peptides in 
enzymic digests might give some information about the 
structural features which distinguish these fractions from one 
another. In fact, such study was possible only after the 
fractionation experiments were complete and time permitted 

only a limited study. The study of the peptides was possible 
using the amino acid analyzer since characteristic patterns for 
peptides can be obtained by ion-exchange chromatography. 

The chromatography was carried out using two different 
resins: Aminex 50W-X2 with lower cross-linkages to separate 
the peptides, and Beckman type AA-15 used for the separation 
of amino acids and smaller peptides. 

The reproducibility of chromatographic curves was checked 
by running two independent digests. The agreement was generally 
good, at least qualitatively. Representations of the patterns 
obtained are shown in Figures 7 and 8. 

It is evident from Figure 7 that essentially similar 
patterns were obtained for papain digests of Fractions II to 
VI as separated using Aminex 50W-X2. Each of the patterns 
contained at least 11 similar major peaks, numbered on the 


diagrams as 1, 2, 5, 6, 7, 8, 10, 12, 14, 15, and 17, although 
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there were some minor differences. The only major difference 
found in the pattern of the digest of Fraction II was in the 

middle section, where some additional peaks, 3; 4). 7, and 3, 

were obtained. 

The pattern of the digest of Fraction I was quite 
different from those of the digests of the other fractions. 
Only five major peaks, namely, 1, 2, 4, 11, and 12, were 
obtained. There were no peaks found between peaks 4 and 1l 
nor after 12. A significant difference is that peak 11 was 
found only in this pattern. 

The pattern of the digest of Fraction IIIB was also 
distinguishable from the others. Although the number of 
peaks showed no real differences, there were appreciable 
differences in the height of some of the peaks and presumably 
therefore, in the quantities of the peptides involved. 

The patterns obtained for peptic digests of Fractions 
A, B,-and C, were essentially similar but the pattern for 

(See Figure 9), 
Fraction D/was distinctly different. No explanation for these 
differences can be offered at this time. 

A comparison of the patterns obtained from papain and 
peptic digests makes it evident that there are wide differences 
in the action of the enzymes, even though direct comparison of 
individual fractions is not possible. There are, however, 
characteristic peaks which clearly distinguish the two types 
of digests, e. g. the relative prominence of peaks 6 and 12. 

Figure 8 shows the chromatographic patterns of enzymic 


digests of the fractions using Beckman type AA-15. Since the 
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larger peptides and undigested proteins were just washed 

through the column, only smaller peptides and free amino acids 
would give rise to the peaks in the curves. The patterns for 
papain digasts of FractionsIII, IV, and IIIB were Similar, but 
slight differences occurred in the pattern of the digest of 
Fraction II. Excellent agreement was also obtained for peptic 
digests of Fractions A, B, and C. More peaks were obtained for 
Fraction D as was to be expected from the results in Table VIII. 
These results are in good agreement with those obtained by using 
the different resin. 

It was considered that a full detailed analysis of the 
peaks of characteristic patterns was not the object of this 
study. Nevertheless, one complete analysis was carried out 
using Fraction D. 

In fact, these chromatographic patterns were recorded 
according to the color development of peptides with ninhydrin. 
An attempt was made to draw the chromatographic pattern according 
to the color development of peptides with ninhydrin with prior 
hydrolysis. The results are presented in Figure 9. 

It is obvious that a substantial increase in color develop- 
ment after hydrolysis at A indicated that large peptides or 
perhaps undigested proteins were being eluted at this point. 
Little difference before and after hydrolysis at B, indicates 
that most of these peaks are due to free amino acids in the 
unhydrolyzed fractions giving these peaks. The type of increase 
in color development at C, D, E, and F indicates the presence 


of small peptides. 
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The peaks which showed no color increase after hydrolysis 
were identified by the use of the amino acid analyzer to be 
specific amino acids. These results are presented in Table 


>. i i 


TABLE XIII 


The peaks in Figure 9 identified to be free amino acids 


Peak No. Amino acids 
Oe et a ee. SE ae Se 


1 Aspartic acid, Serine, Threonine 
2 Glycine, Alanine 

3 Valine 

5 Methionine 

6 Leucine, Isoleucine 

10 Phenylalanine 

12 Ammonia 


The peaks which showed only slight to moderate increases 
in color after hydrolysis were examined by paper chromatography 
using various solvents (90). The results showed that most 
of the peaks contained at least 5 different peptides. No 


further analysis was carried out. 


‘qd uot zoeIg 


JO 3Sehtp otT3ded AOZ pautejqo suzeqjed otTydexrbojzewoszyo oyyZ 


°6 ddnNorTs 


eee? 
eoceceee® 
* Preece 
o 
Pee, 
/ 
Pace Sc cces © cee cone: 


& 


4 


STSA[OIpAY FIOJOgG eames 


g 


uoT}IPIy 


70 


DISCUSSION 


It has been shown that the cleavage of disulfide bonds 
by aqueous sulfite solution as shown in the equation, 


RSSR +-SO,  #——» RS + RSSO. , 


3 —— 3 

isa highly specific equilibrium reaction. The reaction is 
at the same time a reduction and an oxidation and provides 
a specific means of splitting the disulfide bond. Cecil and 
McPhee (91) have concluded from kinetic studies with simple 
substances that the reaction is a reversible bimolecular 
displacement above pH 9, but below pH 9 the mechanism is 
complex. The rate of reaction is dependent on the net charge 
in the vicinity of the disulfide bond, a negative charge 
causing a large decrease in the rate constant. They also 
concluded that the rate of reaction in the presence of 
bisulfite ions is negligible compared with that in the 
presence of sulfite ions. 

In the present investigation, it was observed 
that the addition of sodium sulfite to gluten dispersed in 
sodium salicylate solution apparently resulted in increased 
solubility of the less soluble protein to the extent that 
about 25% of the total protein in the less soluble fractions 
was not recovered by half saturation of the dispersion with 
magnesium sulfate (Figure 1 and Table V). There appeared 
to be little effect of sulfite on the more soluble fractions 


and this agrees with the results reported by Woychik et al. 
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(60) who found no changes in the number of major components 
in the gliadin fraction subjected to reduction by mercapto- 
ethanol, although the electrophoretic mobility of these 
components had been reduced by approximately 20%. 

Nielsen et al. (59) and Woychik et al. (60) suggested that 
intermolecular bonding is responsible for the very high molecular 
weight of glutenin. The present results may be interpreted as 
indicating that intermolecular disulfide bonds are extensively 
involved in the structure of the more insoluble fractions 
(glutenin) and that the sulfite treatment ruptured these disulfide 
bonds. On the other hand, the more soluble fractions (gliadin) 
gaveendtjell extensively affected by the sulfite treatment and 
are apparently not dependent on the intermolecular disulfide 
bond for their basic structure. 

Although the reaction which produced the cleavage of disul- 
fide bonds has been termed reversible, it is most unlikely that 
the reactions in gluten could be reversed and the original 
properties of the so-called glutenin restored. Nevertheless, 

a small proportion of the disulfide bonds might be present 
under the conditions employed in these experiments. This might 
account for the precipitation of Fraction IIS at a relatively 
low concentration of magnesium sulfate. 

The effect of bisulfite on gluten dispersed in sodium 
salicylate has been studied by Udy (58). It was claimed that 
the pronounced effect of bisulfite on viscosity of the 
dispersion is the result of the cleavage of an appreciable pro- 


portion of disulfide bonds in gluten molecules. In the present 
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Study, the results from Figure 1 and Table IV do not indicate 
this as a major effect. 

In fact, it is quite possible that disulfide bonds were 
not involved in the changes effected by bisulfite. McCalla 
(92) discussed electrophoretic studies on gluten and concluded 
that sodium salicylate dispersion eliminates the electrophoretic 
differences that have been clearly demonstrated for different 
fractions of gluten. Since the rate of cleavage of disulfide 
bonds is largely reduced in the presence of negative charges 
located in the same vicinity, it is probable that the disulfide 
bonds in gluten dispersed in sodium salicylate are not readily 
accessible to attack. Consequently, it is suggested that the 
effect of bisulfite on gluten molecules is through quite a 
different mechanism, possibly the rupture of the cross-linkages 
formed by carbonyl compounds as suggested by Hlynka (56). The 
less drastic modifications may be considered as disaggregation 
and this could account for the pronounced effect of bisulfite 
on the viscosity of gluten dispersions, the change on extensi- 
bility of dough (93), and the change in the form of the 
precipitation curves in the present study (Figure l). 

In any general discussion of the results presented in 
Figures 2 and 3, it is necessary to give some consideration 
to the possible effects of aggregation of the protein molecules. 
The dispersing action of sodium salicylate on gluten strongly 
supports the idea that this reagent eee disaggregation of 


molecules making up the gluten. Since Naismith (94) has found 
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considerable evidence for the occurence of aggregation of 

proteins from the groundnut dispersed in sodium salicylate, 

it is possible that salicylate may have a similar effect on 

gluten proteins which would result in the aggregation of 

molecules of basically quite different amino acid composition. 
When magnesium sulfate is added to sodium salicylate dispersions, 
such aggregation would result in preventing clearly defined 
separation of fractions. Nevertheless, the changes in composition 
from fraction to fraction is quite regular (Figure 2). The results 
from the fractionation of dispersed gluten treated with bisulfite 
(Figure 3), in which aggregation of proteins had been minimized, 
probably by the rupture of thebonds formed by carbonyl groups, 
support this idea, since the differences in the composition of 
successive fractions were increased by the treatment but the 
general regularity of results was not affected. It is likely 
therefore that aggregation of the gluten proteins in sodium 
salicylate occurs to only a very limited extent. Consequently, 

it seems likely that the differences in distribution of amino 
acids reflect real differences in the fractions. 

The amino acid distribution of gluten components obtained 
from acid media has been reported by Woychik et al. (52) and 
Beckwith et al. (39). The results of their studies are brought 
together in Table XIV for comparative purposes. 

It is possible to consider the components a-2,8, y, and w 
as equivalent to the "more soluble" fractions of the present 
experiments, since in comparison with a-l, they all contain 


lower proportions of arginine, aspartic aicd, glycine, lysine, 


to nolszepszpps. to alta es 
,stalyoif{ss muiboa nik bearegeib © ‘ i 
nO toetie ss6Limie 5 even yen odsiyoiine Gar 
to nolsspsippS efit at tiugex biuow ial 
.noitieoqmoo bios onims tnsteitib (‘S3ip yt. ; 
nnotexsgqetB Séslyoiise muthoe o¢ bebbs ai osettive mui 
bentieb ylisels sighreamataiia, at +iuesz Biuow i 
ttivogmos af aeprerto oit ,2aelodtxeveM .anottoex? Mel ng ; 
gees SHT .(S srspti) ssispss esiup ak notsoszt wens 57 
sitiverd dziw becss%s netulp beisaniall to aoltanoktoax2 wae be 
besimidim need Ssd anistoxg to | “sotsspexpen dot mt + (Cot 
,squotp Iymodis° yd bem? obits el ‘to oxi siarlt ees we . 
to noitiaogmes elt ni espneteltib sit soaks \BebE roby: 
edix sud shemtse1s edi yd boeserdnt e198W anoitoss? 9 
yletil ef 41 .besostts’ don new etivast Io iets 61s ae 
mutboe al antedorg meduip edd 20 notteperty tsds exot re 
syitaeuvpsenoD TNBIKS besimit ytev » yino od exude: tet 2 
onims to notsudtaetb mi asomerstiib orlt sale a 
| .2nottoss ony AL eedaerettib as . 

benisido etnenoqmos Pe ee ie n siD6 OF in 2 | M | 
Bas (S@) .fs 39 ALdoyow ye bestoas+ ale pees i t 2 
trpyoxrd S35 goibusa <iont Ro stinees ont - 4 Lilebeny ; 

| » B820QILg ” oni ine we i as we ot 
“o Base \y¥ oe aun aoigene a Bi waite waite nye 
aati ina isl casei Mt poate 2 be an tev 
nistnoo [is yeas ,i-» dtiw need | 191 
| ee iT ee ae ao 

ventey£ onitoytp. sole pidzages ental 
| aN eh aes i: 


= 


ooh ee = ha 


Lane 


i 
4 
s 
ed 


74 


TABLE XIV 


Recent amino acid analyses of gluten components. 


Woychik et al. (52) Beckwith et al. 
(39) 

Gluten l 5 aeete 

components i am B Y w soluble F-I F-IIl 
Alanine Ao”) 62h Am Dy ATS 4.1 2.0 2v3 
Arginine Seas See” ZIVeeZ TOFS 1 Se ou / 2.6 443 
Reeereecr aciuae were = 220-2574 DOI 3 6.8 AAW a2 
Cystine 1 oer e so) 2% 192 Pegs 194 4.4 2.4 252 


Glutamic acid 41.1 44.4 46.8 47.5 48.4 22.2 47.7 44.7 


Glycine Be OR TP 1A GOS LX 16.2 4.3 2.3 Ls7 
Histidine Oo. hs Con ek SAO Oe O 3.9 Zea had 
Isoleucine 3.4" ANT eal o-° 4.7 24 4.1 4.1 4.5 
Leucine Or Se Bye Vl} 72 Ur eas 759 B33 8.3 
Lysine iva = OSS OF 890. S'S 4.5 0.7 0.6 
Methionine LT) toe ONG AN OSS Zed Led L3 
Phenylalanine 4.8 5.0 5.4 7.2 11.6 4.3 6.4 o.0 
Proline Lee Lote= 20s Ge ele conse dn G 15.2 Loh 3 
Serine Soe SSO a ae aa 5.6 6.4 4.6 
Threonine Soa” ave ore atu ete 2.8 2.6 2.0 
Tryptophan 3 Wj.” Toone so Dilek Ge a ge A? et “ie - - 
Tyrosine GS-2 FCAT? «AN 95 + Nea 4.3 2.2 4.0 
Valine Brat 6! Sv GLO AA 6.7 4.6 4.3 
Ammonia REGO ASS See re Sere 3.8 5.4 5.4 


nn nn nee a UE a EEE I SIS EE SEEEEENEIESSE REESE 


All figures expressed as grams amino acids per 17.5 grams N. 
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and tyrosine, and higher proportions of glutamic acid and 
proline. If this comparison is valid, these components would 
precipitate from a sodium salicylate dispersion at the concen- 
tration of magnesium sulfate in the range within 0.08 to 0.20 
Saturation, and in the order of the components a-2, 8, y, and wu. 
The component a-1l, so-called glutenin, can also be compared to 
the "more insoluble" proteins as judged from the values for most 
amino acids although the content of arginine is quite different. 
Similarly, the components F-1 (higher molecular weight) and F-III 
(lower molecular weight) of gliadin obtained by Beckwith Sl Gis 
(39) can also be classed as the "more soluble" protein and these 
fractions compare to FractionsIV and V, respectively, in this 
experiment. 

It is clear that separation of "fractions" or "components" 
using differences in the electrostatic properties of the 
components to effect separation should be preferable to the use 
of solubility differences alone. Such properties cannot be used 
with gluten dispersed in sodium salicylate, but the above 
discussion confirms that fractions differing in solubility do 
differ in other properties and that these differences can be 
related to those of components separated by electrophoretic 
methods. 

The most soluble fraction in gluten, as usually prepared, 

‘ presumably corresponds to the water soluble proteins of wheat 
flour, and the amino acid distribution is distinctly different 
from that of the true gluten. It has been shown by many 


investigators (eg. 52, 95-97) that the water soluble proteins 
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contain lower proportions of glutamic acid and proline, and 
higher proportions of arginine, cystine, lysine, aspartic acid, 
and leucine. The values for Fraction VII agree in general 
with the values reported by Woychik et al. (52) for the water 
soluble proteins (Table XIV), although the latter values show 
greater differences, as compared with gluten, for most amino 
acids. It is therefore probable that only part of the water 
soluble proteins are precipitated in Fraction VII. 

Woychik et al. (60) have reported that reduction of the 
disulfide bonds of wheat gliadin and glutenin followed by 
electrophoresis in starch gel revealed the presence of some 
components which are perhaps common to both proteins, and 
trace components which probably originate from incorporated 
components comparable to, or identical with, water soluble 
proteins of wheat. Woychik (98) has further suggested that 
glutenin may arise through intermolecular disulfide bonding 
of gliadin components and possibly of water-soluble protein, 
this suggestion being based on the observation that reduced 
components of both glutenin and gliadin have some of the 
same amino acids in the N-terminal positions and that the 
amino acid composition of the reduced glutenin components is 
not too dissimilar from those of corresponding gliadin 
components. Moreover, Ewart (79), on the basis of the results 
of his study on fingerprinting of performic acid oxidized 
glutenin and gliadin, has supported this hypothesis. 

This argument does not, however, seem acceptable. In 


fact the gliadin components had threonine and alanine as 
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N-terminal amino acids as well as aspartic acid, glutamic acid 
and serine which were also found to occur as N-terminal amino 
acids in reduced glutenin. Furthermore, Woychik admits that 
the occurence of electrophoretic components with identical 
mobilities in reduced gliadin and reduced glutenin "does not 
in itself confirm the idea that glutenin arises through 
intermolecular disulfide bonding of gliadin.....". This is 
particularly true when the results for sulfite-treated gluten 
in the present experiments are considered. It is certain 

that the solubility of the reduced glutenin is quite different 
from that of gliadin. Beckwith et al. (61) have reported 
that reduced glutenin and gliadin show different solubilities 
in urea solutions. 

Perhaps the most convincing evidence against the idea that 
glutenin arises primarily through intermolecular disulfide 
bonding of gliadin components lies in the amino acid distri- 
bution in the various components or fractions. Neither the 
results from the present experiments nor those of Woychik 
et al. (52) permit this conclusion. The differences in amino 
acid distribution are far too great to be explained by suggesting 
that some water soluble protein is incorporated with gliadin to 
produce glutenin. 

Jones et al. (21) have reported that classical glutenin can 
be obtained from aluminum lactate dispersion when the pH is 
adjusted to the value of 4.8. The fraction they obtained 
included appreciable amounts of all fractions of gliadin. The 


gliadin in this fraction was extracted from the precipitate 
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with aluminum lactate at pH 3.1, the glutenin remaining 
insoluble. In the present experiments, fractions were 
precipitated at pH 4.0, 4.4 and 4.8 (A, B and C) but, on 

the basis of analytical results, none of these were distinct 
fractions or "components". It seems clear that there was 
interaction among the gluten components in aluminum lactate. 

Digestion studies of whole gluten indicated clearly 
that the dispersed gluten was extensively digested by papain 
or pepsin under these experimental conditions. The results 
from Figure 5 showed that papain produced larger peptides 
from gluten than did pepsin during the early stages of digestion, 
but continued to act on the larger peptides during the later 
stages. Pepsin, on the other hand, digested the gluten regularly, 
and appeared to produce only smaller peptides. 

Verma and McCalla (78) reported that the sedimentation 
analyses of the digestion suggested that papain produced large 
quantities of much smaller products, whereas pepsin produced 
relatively large quantities of intermediate-sized products. In 
the present study, the average number of amino acids per peptide 
can be roughly calculated from Table VII by the ratio of non- 
protein nitrogen to terminal nitrogen (a correction should be 
made for free amino acid nitrogen). These calculations show that 
much smaller peptides were obtained after 48 hours digestion by 
using papain than by using pepsin. This is in accord with the 
results obtained by Verma and McCalla. 

The amount of free amino acids obtained in the peptic 


digests of Fraction D was surprisingly high. The results of 
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Finlayson (76) indicated that only 0.16% of the total 
glutamic acid, 1.12% of the total serine, 0.15% of the total 
valine, and 0.80% of the total leucine, in gliadin were 
released as free amino acids by the action of pepsin and then 
trypsin. Part of the total was probably produced by the action 
of the enzymes naturally present in gluten as shown by the 
results in Table VIII, but these cannot account for the much 
higher level in the present study. No attempt was made to 
follow this further. It is possible that the higher pH used 
during the digestion in this experiment may account for the 
differences. 

Studies of the precipitates obtained from enzymic digests 
of gluten fractions confirm that the protein producing these 
precipitates is basically a part of the more insoluble fractions 
(classical glutenin) of whole gluten, and that the clearer 
separation of the fractions by the use of bisulfite in the 
dispersing medium eliminated the precursor of the precipitate 
from the more soluble fractions (classical gliadin). The 
amino acid distribution of the precipitates from Fractions I to 
VII indicated clearly that the proteins producing the precipitates 
were certainly heterogeneous. 

Precipitates were also obtained by Strusi (74) from tryptic 
digests of gluten from qurum and bread wheats, but he presented 
only qualitative results which cannot be compared with the 
results of the present study. 

The association of RNA in the precipitates obtained from 


peptic digests of gluten fractions suggested that the adsorption 
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of RNA on gluten proteins may occur in acid media. However, 
the possibility that alterations in solubility and electro- 
phoretic behavior of gluten proteins caused by adsorption 

of RNA would appear to be small, but this cannot be established 
from the present study. 

Studies of the peptides in the enzymic digests of several 
fractions indicated that more peptides were obtained when the 
digests were prepared with papain than with pepsin. There was 
essential similarity in the chromatographic patterns of papain 
digests of all the more soluble fractions, but there were 
differences in the patterns for the more insoluble fractions. 
It seems reasonable to conclude therefore that the more soluble 
proteins have the more regualr sequential similarity in their 
structure. The more insoluble proteins, however, appear to have 
quite different structures as would be expected from the amino 
acid results. The results of the peptic digest of gluten 
fractions also indicated. that there must be differences in the 
structure of Fraction D as compared with that of the other 
fractions. These results are preliminary in nature, but they 
serve to confirm the differences and similarities found among 
fractions on the basis of amino acid analyses. Many of the 
peaks in the chromatographic patterns contained more than a 
single peptide as indicated by subsequent paper chromatography. 
A great deal more work would be necessary to obtain completely 
separated peptides and it is questionable whether the results 


would justify the work required. 
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